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PRINCIPLES AND PROOFS 


INTRODUCTION 


THE INTEREST and importance of the Posterior Analytics lie concealed behind a 
thicket of difficulties—not only those found in most of Aristotle’s works but also 
some unique to this one. As usual, we find obscure arguments, unclear transitions 
and cross-references, and inadequate examples, all of which place stringent de- 
mands on the reader. But in addition the work seems rough and unfinished, a 
series of jottings on different aspects of its subject matter. Regardless of the view 
we adopt on the time and manner of its composition, it does not read like a fin- 
ished treatise, making definitive statements, but like an inchoate collection of 
thoughts, some worked out more thoroughly than others. The first task for inter- 
preters is therefore reconstructive—even constructive. They must begin from the 
general sketch of the theory in the first chapters of the work and on that basis 
piece together Aristotle’s disjointed remarks with the twin goals of making sense 
of each passage in its immediate context and fitting all the passages together to 
form a coherent whole. To take Aristotle’s points in isolation, without regard for 
their place in the overall theory, risks distorting the author’s intentions and can 
even sink to the level of taking cheap shots. 

The subject of APo is epistémé: science or scientific knowledge. As the first 
elaborated theory in the Western philosophical and scientific traditions of the na- 
ture and structure of science, it richly deserves study for its historical importance 
alone. In addition, the philosophical content of the theory is extremely interest- 
ing, since it embodies a fascinating vision of the structure of knowledge and 
objective reality, which is well worth investigating. Even if we do not share Ar- 
istotle’s vision, the effort to understand his theory as a whole may lead to healthy 
critical reflection on our own outlook. 

Aristotle’s theory can be stated briefly. Each science (including branches 
of natural science and mathematics, and perhaps other fields as well) treats a 
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limited range of things or phenomena, its subject genus, as arithmetic studies 
numbers and geometry spatial magnitudes. The subject genus can be regarded as 
a structured collection of subjects and attributes in certain relations. For example, 
points, lines, triangles, and figures are subjects in geometry; attributes include 
intersecting and having angles equal to two right angles; and these items are re- 
lated in such ways as these: lines intersect in points, triangles have angles equal 
to two right angles, triangles are figures, and triangles are composed of lines. The 
task of a science is to explicate the network of relations in its subject genus. 

A science proceeds by proving conclusions. Using unprovable principles 
as a basis, it forms proofs of their consequences. The relations in its subject genus 
are the body of unprovable principles and provable conclusions that constitute the 
science. Demonstrations are also explanations. To prove that a conclusion holds 
is simultaneously to show why it holds. Thus, proofs do more than indicate logi- 
cal relations among propositions; they also reveal real relations among facts, and 
scientific knowledge involves knowing not only that but also why. Further, sci- 
ence deals primarily in the universal and necessary, not the particular and contin- 
gent. It treats individuals not in their own right but as falling under universals, 
and the facts (relations) it studies always hold, of necessity, and in all cases. 

A demonstration of a fact is a syllogistic argument with that fact as conclu- 
sion and unprovable principles as premises. It is arguable that Aristotle developed 
his theory of the syllogism as a tool for science. Since the syllogistic requires 
premises and conclusions to be in one of the four forms—‘*‘All S is P,’’ ‘‘No S is 
P,’’ ‘Some S is P,’’ and ‘‘Some S is not P’’—the distinction between subjects 
and predicates (attributes) is important for the theory of APo. Another crucial 
distinction is that between principles and conclusions. Conclusions are logical 
(syllogistic) consequences of the principles. In fact, all such consequences are 
provable facts treated by the science in question. Thus, the principles determine 
the entire content of the science. 

In a sense, then, demonstrative sciences consist of principles and proofs, 
so that in order to understand APo we must get clear on both. Regarding the 
former, we need to know why Aristotle believed there are indemonstrable prin- 
ciples, and what their role in sciences is. We also need to learn what types of 
principles there are, how each is related to the science’s subject genus, what form 
each has, and what distinctive contribution each makes in demonstrations. In 
addition, we must consider whether the kinds of principles identified are (or 
whether Aristotle had reason to think they could be) an adequate basis for science; 
and finally, we must examine what he says about how we gain knowledge of 
principles and what sort of knowledge we have of them, since even if the theory 
is otherwise attractive, failure on these counts will render it useless. Regarding 
proofs, we must investigate how they work—how the principles work together to 
entail the conclusions and whether demonstrations yield scientific knowledge as 
Aristotle conceives it. We must also ascertain what types of proofs sciences con- 
tain and how each proceeds. We must explore how proofs constitute explanations 
of their conclusions, and what kind of explanation is intended. Finally, we must 
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survey the information Aristotle provides on how to construct proofs, to see if 
there is a method for organizing a body of facts into a demonstrative science. 

APo provides material on all these topics, but in many cases fails to discuss 
them clearly, definitively, or in a single place, so that the only hope of making 
coherent sense is to ‘‘massage’’ the text, gradually building up an overall picture 
by assembling material on one topic while constantly bearing others in mind. 
Discussion of some topics is facilitated by bringing passages from other Aristo- 
telian works. To a certain extent this method is justified by occasional comments 
from works as early as Topics and as late as De Anima, which suggest that, when- 
ever Aristotle composed APo (I follow the standard view that it is a fairly early 
work), the idea of a demonstrative science was with him for a very long time. 

The general and abstract level of discourse in APo renders it extremely 
difficult to grasp what a demonstrative science looks like, and in particular how 
demonstrations proceed. If Aristotle had composed a single scientific treatise on 
the lines indicated in APo, many uncertainties would be resolved. Euclid’s Ele- 
ments offers a great deal of help. With appropriate qualifications the principles of 
the Elements correspond to the principles Aristotle recognizes for sciences, and 
Euclidean proofs to Aristotelian demonstrations. (Euclid was quite possibly influ- 
enced by APo.) 

In general, the present treatment of Aristotle’s theory is synthetic and sym- 
pathetic. Its goal is to recapture Aristotle’s vision of the nature of science and 
scientific knowledge, not to dismantle a text. Although APo has shortcomings, I 
believe it is possible and worthwhile to reassemble it, with help from outside 
sources, as indicated above. The result might be more accurately called an Aris- 
totelian theory than Aristotle’s theory, since the fact that it must be based in part 
on texts over and above APo indicates that Aristotle himself never put together 
the theory exactly as presented here. In some places it also seems appropriate to 
point out improvements possible within the overall framework of the theory. This 
practice brings us yet further from APo, but it may help reveal the philosophical 
potential of Aristotle’s insight. 

The plan of the present work is as follows. The scientific background of 
APo is surveyed in Chapter 1, in order to provide an intellectual context for the 
work and to indicate a possible motive for Aristotle to develop a model for sci- 
ence. Chapter 2 examines the general statement of the nature of demonstrative 
science and the list of criteria for scientific principles in APo I.1-2. Chapter 3 
establishes that APo recognizes three kinds of scientific principles: definitions, 
existence claims, and axioms. The nature of the subject genus and an apparent 
exception to ‘he rule that distinct sciences have distinct subject genera occupy 
Chapters 4 and 5. Next comes a systematic treatment of the kinds of principles— 
axioms, in Chapter 6; definitions, in Chapters 7 through 9; and existence claims, 
in Chapter 10—followed by consideration of the question whether the kinds of 
principles indicated are an adequate basis for a science, in Chapter 11. This last 
issue is taken up in connection with Euclid’s Elements, and leads to an investi- 
gation of the unproved principles on which Euclid’s geometry is based and their 
relation to Aristotle’s principles. The next chapters take up issues connected with 
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demonstrations. Chapter 12 considers, in general terms, how demonstrations pro- 
ceed—what kind of things can be proved and how the various kinds of principles 
function. Once again the Elements provides help. The three types of demonstra- 
tions recognized in APo are then treated in Chapters 13 through 15, and the syl- 
logism of essence, sometimes thought to be another kind of proof, is analyzed in 
Chapter 16. The final issue addressed in connection with demonstrations is the 
nature of scientific explanation, covered in Chapter 17. The last chapter of the 
book brings together passages from several Aristotelian works to supplement the 
material in APo on the topics of how we come to know scientific principles and 
how we organize facts to form demonstrative sciences. 

My strategy in this book is to base my interpretation of Aristotle’s theory 
of demonstrative science on a close reading of relevant passages in APo and other 
works of Aristotle. The not infrequent obscurity of the Greek and the existence 
of conflicting translations and interpretations of the text have at times forced me 
to proceed at a slow pace. Except in a few places, I have made my own transla- 
tions, intending them to be as literal as possible, taking account of the fact that 
they are meant to be translations into English. Aristotle’s Greek is highly steno- 
graphic; where a literal English rendering would be unintelligible, I have supplied 
the missing words in square brackets. Where the text or translation is obscure or 
controversial, | have offered justifications, defenses, and apologies in a section 
labeled ‘‘Notes on Translation’ immediately following the translation. Where a 
translated passage as a whole requires interpretation, I have offered one in a sec- 
tion labeled ‘‘Discussion.’’ The result is a book that in places resembles a com- 
mentary. Readers who want to follow my reconstruction of Aristotle’s theory 
without wading through this material are invited simply to skip over these sec- 
tions. 

Although I have tried as far as possible to make the book serviceable for 
the Greekless, I have had to include some Greek, either because of difficulties in 
finding satisfactory and uncontroversial English equivalents (as in the case of, for 
example, nots, epagogé, and gnérimos, all discussed in Chapter 18 below) or 
because of controversies about what the Greek text actually is or how it should 
be translated. I have adopted the following conventions in transliteration. Epsilon 
appears as e, eta as é, omicron as 0, omega as 0, upsilon as u. lota subscript is 
written adscript. The rough breathing appears as 4. In compound words formed 
by prefixing a preposition to a word beginning with a rough breathing, I have 
retained the h (for example, dihdti). Accents are written as they appear in Greek. 
The resulting transliteration may seem cluttered, but it more accurately reflects 
the original. It also has the advantage of distinguishing between é (‘‘or’’) and 
héi (‘‘qua’’), both of which words are crucially important for understanding cer- 
tain aspects of Aristotle’s theory. 


The Motivation for the 


Theory of Demonstration 


CHAPTER I 


Why pip Aristotle invent the theory of demonstrative science? What is the theo- 
ry’s purpose, and what features of Aristotle’s intellectual heritage and of fourth 
century philosophy and science lie behind his enterprise? Although thorough 
treatment of these questions would require a long discussion of the methods and 
achievements of Aristotle’s predecessors and contemporaries, which would be 
out of place here,' a brief discussion of some of the issues will help set the scene 
for Aristotle’s theory. 

Even a rapid reading of the remains of the Presocratic ‘‘philosophers’’ re- 
veals that these men pursued what we would call science at least as much as what 
we would call philosophy, though since no distinction had been made between 
the two areas of inquiry, it is unfaithful to the Presocratics to isolate parts of their 
work as scientific, however necessary this practice may be for modern discus- 
sions, including the present one. It is also apparent that the Presocratics discuss 
an extremely wide range of topics—topics that from a modern point of view 
would be said to fall within the fields of astronomy, biology, chemistry, geology, 
meteorology, physics, physical anthropology, and other sciences as well. No at- 
tempt was made to distinguish these fields by subject matter or methods of in- 
quiry, and there was no conception that such differentiation was possible, let 
alone beneficial. 

A third striking feature of early Greek science is the multitude of competing 
systems, reflecting a wide divergence in the principles on which the theories are 
based. The lack of agreement amounts to something close to anarchy. This situ- 
ation too contrasts markedly with today’s practice, where in all but exceptional 
cases, scientists in a given field are agreed on the basic entities and the range of 
phenomena they discuss and the kinds of explanations they accept. 

Fourth, a typical Presocratic system accounts for a very wide field of phe- 
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nomena by means of a very small number of principles, which are declared to 
apply through all of nature. The resulting economy in admissible types of expla- 
nation is purchased at a price. Theories are vague and imprecise in their applica- 
tion and of little or no use in predicting phenomena. As a consequence they are 
difficult or impossible to confirm or refute. 

Fifth, there is no consensus on the phenomena to be explained. To be sure, 
some phenomena (especially astronomical and meteorological events) are treated 
by most Presocratics if not all, but different theories are better suited to explain- 
ing different kinds of phenomena, and each unsurprisingly concentrates on the 
phenomena it explains best. 

Sixth, the Presocratics rely on familiar facts of ordinary experience and 
only rarely extend the range of phenomena by close observation or experiment. 
They use evidence to corroborate rather than test their theories or decide among 
rival theories. 

These are only some characteristics of Presocratic science. They suggest a 
conclusion borne out by the surviving writings of the Presocratics themselves: 
that after its promising start in sixth-century Ionia, Presocratic science floun- 
dered. The century between the Milesians and the post-Parmenidean systems of 
the late fifth century brings important differences. But these are clearest in the 
area of foundations, since the late-fifth-century natural philosophers constructed 
their systems with eyes on issues raised by the Eleatics. In the range of phenom- 
ena discussed, the detail in which they are treated, and the inherent plausibility 
of the explanations offered, this period achieved little. Anaximander’s theory that 
the phenomena of the world are due to interplay of opposites as they ‘‘make just 
recompense to one another for their injustice according to the ordinance of time’’? 
is no different in spirit from Empedocles’ ‘‘They never cease thus to alternate 
continually, now all coming together into one through love, and now again draw- 
ing apart by strife’s hatred.’’3 Likewise Xenophanes’ statement that god ‘‘always 
remains in the same place, not moving at all, nor indeed does it befit him to go 
here and there at different times, but without toil he makes all things shiver by 
the impulse of his mind’’4 does not sound very different from Anaxagoras’s pro- 
nouncement that Mind ‘“‘is the finest and purest of all things, and has all judgment 
of everything and greatest power; and everything that has life, both greater and 
smaller, all these Mind controls; and it controlled the whole revolution, to make 
it revolve in the beginning.’’5 

On the other hand the anarchy is not absolute. Despite the disagreement, 
there is a fundamental unanimity of purpose. To judge from what is known about 
the early theories, a principal goal of the Presocratics from Anaximander (if not 
Thales) through the atomists was to understand how the universe is structured, 
how it functions, its history and its ‘ature, and in particular, with what kinds of 
things it is populated, how they behave, and what their basic constituents are.® 

Further, their approaches are similar. They present their views in an ac- 
count or story, which sets out from an appropriately chosen starting point (such 
as the Beginning) and proceeds to relate how the world came to be as it is— 
simultaneously telling how it is. We may infer that the criteria for a good account 
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include economy, consistency, and plausibility of principles and of the details of 
development, and a reasonable fit between what their theory says is the case and 
what is observed to be the case. 

After the earliest theories, the Eleatic attack on the world of appearances 
forced the later natural philosophers to attend to the philosophical foundations of 
their subject and to wrestle with such issues as the nature of motion, change, 
plurality, coming-to-be and passing-away, and the conditions that account for 
them. The work of the later Presocratics in these areas, which constitutes the most 
significant scientific advance of the later fifth century, was evidently undertaken 
because accounts of the world unable to cope with the problems raised by the 
Eleatics were no longer plausible. Standards of plausibility became higher as 
people became more philosophically sophisticated. 

There is also agreement about types and sources of evidence: mainly facts 
familiar from everyday experience; only occasionally material drawn from spe- 
cially conducted observation, and even here specialized equipment was unknown 
and all observations could easily be made by anyone in the right place. Emped- 
ocles’ use of the clepsydra? and Xenophanes’ observation of fossils on Paros, 
Malta, and in the quarries of Syracuse® are typical of the ‘‘specialized observa- 
tion’’ of the Presocratics. Also explanations are based on familiar principles: sub- 
stances such as earth, water, air, and fire, and familiar occurrences, such as the 
conflict of opposites, condensation and rarefaction, separation and mixture, love 
and strife. 

This agreement marks Presocratic philosophy as different from anything 
Greece and earlier cultures of the Eastern Mediterranean and Middle East, in- 
cluding Egypt and Babylonia, had produced. The Presocratics have much in com- 
mon, but their common ground leaves considerable room for differences. The 
persistence of the diversity needs to be understood, both its causes and its effects. 

A multiplicity of competing theories is characteristic of an immature sci- 
ence whose practitioners have yet to agree on a basic framework. The history of 
later science would lead us to expect the initial diversity of theories to be followed 
by a period of consolidation when agreement on principles and on modes of ex- 
planation and the range of explananda would be reached. Then would come rapid 
progress within that framework. Instead, Greek science shows increasing sensi- 
tivity to philosophical issues, a concern for foundations largely due to Eleatic 
influence. But even if the later Presocratics are agreed on the need to account for 
plurality, change, and the other phenomena challenged by Parmenides and his 
followers, so that there is a consensus on subject matter and on what counts as a 
successful theory, still, the differences among the three great post-Parmenidean 
systems, those of Empedocles, Anaxagoras, and the Atomists, show that the tol- 
erance of diversity is still very wide. 

The reasons for the failure to reach this level of maturity in the fifth century 
are of two kinds, which can be labeled conceptual and cultural. The conceptual 
reasons reflect science’s infant state. Scientists did not agree on a single theory 
because no one theory proved indisputably superior to the others. They were 
content with familiar explanations and data because they were unaware of other 
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approaches. They did not specialize in their work and gain the advantages of 
specializing because they had no reason to suppose that their inquiries should be 
differentiated. 

These conceptual reasons for science’s slow progress are also its effects. 
Since none of the competing theories had advanced far it was unclear which, if 
any, to follow, or even if knowledge of the world could advance beyond the level 
it had reached. Also, since no branch of natural science had progressed signifi- 
cantly beyond any other, there was no model of success to guide the rest. Since 
specialization had not begun, there was no notion of the advantages it brings. Nor 
was there a notion of technical vocabulary or distinctively scientific procedures 
of reasoning and fact gathering, and no reason to suspect that familiar data and 
kinds of explanations are inadequate. In their ignorance of a better way, the Pre- 
socratics pursued the way they knew. 

Moreover, certain features of the cultural milieu of fifth-century Greece 
forced scientific discourse to remain intelligible to the general public. This is a 
highly relevant consideration since only when a science passes that point, when 
it develops specialized methods, language, and problems, can real scientific 
progress be made.? Paradoxically, the same features of Greek life that inhibited 
science also promoted moral and political thought and contributed to the fifth- 
century enlightenment. 

Many of the philosophers and scientists of the sixth and fifth centuries were 
prominent citizens of their states, or known for nonphilosophical and nonscien- 
tific achievements. Thales was a respected political adviser and a ‘‘practical ge- 
nius and man of affairs,’’'° Pythagoras became the leading citizen of Croton, 
Parmenides was a lawgiver at Elea, Melissus a Samian politician and admiral, 
Empedocles a champion of democracy in Acragas, and Anaxagoras the associate 
of Pericles. Unlike modern scientists the Presocratics (with the exception of De- 
mocritus) probably did not devote much of their lives either to thinking or to 
writing about nature. 

Further, there is reason to believe that most of these thinkers deliberately 
made their views accessible to the public. Too little survives of the Milesians to 
tell one way or the other, though the striking language of Anaximander’s surviv- 
ing fragment may be intended to stick in people’s minds. Xenophanes, however, 
is a good case in point since he may have made his living as a bard," giving 
recitals that included, we may suppose, poems on scientific and philosophical 
subjects. As a public performer he had every incentive to keep his ideas easily 
comprehensible. 

Xenophanes is our only bard, but Parmenides and Empedocles probably 
wrote in verse at least partly from the desire to make their thoughts memorable. 
Admittedly, Parmenides’ subject matter and approach are not the stuff of great 
poetry.’ But a comparison of Parmenides’ style with that of Gorgias’s prose 
treatment of a closely related subject in his ‘‘On What Is Not, or On Nature’’"3 
shows the advantages of verse even here. "4 

In addition, these philosophers may be imagined to share Lucretius’s stated 
reasons for writing philosophy in verse: 
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Since this philosophy full often seems too bitter to those who have 
not tasted it, and the multitude shrinks back away from it, I have 
desired to set forth to you my reasoning in the sweet-tongued song 
of the Muses, and as though to touch it with the pleasant honey of 
poetry, if perchance I might avail by such means to keep your mind 
set upon my verses, while you come to see the whole nature of 
things, what is its shape and figure. (Lucretius I. 943-50, trans. 
Bailey 1947) 


Only a few Presocratics expounded their theories in verse, but all needed 
to keep their ideas accessible to the public. For in the sixth and fifth centuries, 
the specialized scientific community was virtually unknown. Two apparent ex- 
ceptions are the Pythagoreans and the Atomists. But in their earliest years the 
Pythagoreans were not engaged in scientific work.'5 Their main contributions are 
to mathematics, not natural science, and so are irrelevant to the present discus- 
sion.’ Their physical theories mark no improvement on other contemporary sys- 
tems. The Atomists, especially Democritus, are more likely to be a real excep- 
tion. To judge from the catalog of his books,'7 his output exceeded that of the 
other Presocratics by far. He seems to have been the first to expound in detail the 
fundamentals of his system and its systematic application to a wide variety of 
phenomena. However, two things should be remembered. First, Democritus 
lived thirty or forty years into the fourth century. Second, though Diogenes 
Laertius'* asserts that Democritus had many followers, including Nausiphanes, 
the teacher of Epicurus, there are no signs of a specialized atomistic ‘‘school’’ 
before Epicurus. 

Thus, any audience for scientific works was of necessity a public audience, 
and we find indications that the Presocratics presented their views publicly.'9 For 
Parmenides”® the evidence is indirect but significant. Not only did he write in 
verse, but we also have testimony that his views were ridiculed for their absurd 
and contradictory consequences.?! Even though we do not know who the hecklers 
were, it is clear that Parmenides made his views known outside the circle of his 
followers. 

With Zeno the picture is more definite. Whatever we make of the story that 
his book was published against his wishes in a pirated edition,?? when he and 
Parmenides came to Athens for the Great Panathenaea, he read his treatise to 
Socrates and many others. He may have presented it more than once, since his 
host Pythodorus had previously heard it.3 Pericles also heard it through,4 per- 
haps on the same visit. Moreover, Zeno claims his book attacked Parmenides’ 
hecklers by showing that even greater absurdities follow from their belief in plu- 
rality than attended Parmenides’ monism. Also, presumably because of his ar- 
guments against plurality, motion, and the validity of the senses, Zeno was called 
the father of dialectic?s and gained a reputation for developing a way to refute 
people by involving them in self-contradiction and thus reducing them to per- 
plexity.?° A final piece of evidence that Zeno aimed his book at a general audi- 
ence is the statement that he produced no fewer than forty arguments for mo- 
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nism.?? This is the sort of arsenal a public speaker might assemble to drive home 
his point. 

What were the occasions for such performances, and how public were 
they? We do not know if Parmenides and Zeno were Speakers’ Corner orators or 
presented their work to relatively small and select groups. But some philosophers 
and scientists delivered their views at the Olympic festival, where they reached 
the largest possible audience. Empedocles delivered his Katharmoi there,?® and 
Hippias, whose polymathy included astronomy and mathematics,” regularly at- 
tended the Olympics and offered to answer any question on any subject.3° A 
passage from Lucian reveals that the practice of going to the Olympic festival to 
make known one’s work was common in the fifth century: 


As soon as he [Herodotus] had sailed from his Carian home for 
Greece, he concentrated his thoughts on the quickest and easiest 
method of winning a brilliant reputation for himself and his works. 
He might have gone the round, and read them successively at Ath- 
ens, Corinth, Argos, and Sparta; but that would be a long toilsome 
business, he thought, with no end to it; . . . his idea was, if possi- 
ble, to catch all Greece together. The great Olympic Games were at 
hand, and Herodotus bethought him that here was the very occasion 
on which his heart was set. He seized the moment when the gather- 
ing was at its fullest, and every city had sent the flower of its citi- 
zens; then he appeared in the temple hall, bent not on sight-seeing, 
but on bidding for an Olympic victory of his own; he recited his 
Histories, and bewitched his hearers. . . . That was what he made 
out of his Histories; a single meeting sufficed, and he had the gen- 
eral unanimous acclamation of all Greece; his name was pro- 
claimed, not by a single herald; every spectator did that for him, 
each in his own way. The royal road to fame was now discovered; it 
was the regular practice of many afterwards to deliver their dis- 
courses at the festival; Hippias the rhetorician was on his own 
ground there; but Prodicus came from Ceos, Anaximenes from 
Chios, Polus from Agrigentum; and a rapid fame it brought, to them 
and many others. (Herodotus and Aétion, I-3, trans. Fowler and 
Fowler 1905)3" 


A common feature of major festivals may have been scientists and philos- 
ophers propounding their latest theories in epideixeis, display pieces, and receiv- 
ing either applause or, as Zeno’s words in the Parmenides suggest, mockery. It 
may be no coincidence that Parmenides and Zeno visited Athens during the qua- 
drennial Great Panathenaea. A different kind of display at the Olympics gained 
fame for Anaxagoras, who was known for his predictions of natural phenomena 
such as the fall of a meteorite at Aegospotami in 467 B.c.3? He wore a sheepskin 
into the stadium after predicting rain, even though the Olympic festival fell dur- 
ing the dryest part of the year, and sure enough, rain began to fall.33 Also the 
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astronomer and mathematician Oenopides dedicated at the Olympic festival a 
bronze tablet inscribed with his astronomical calculations.34 Public presentations 
were not reserved for special occasions. Hippias boasted in the Athenian agora 
of the range of his wisdom35 and Anaxagoras spoke frequently of his scientific 
views.36 

The best evidence for the public nature of science is Gorgias’s display 
piece, Encomium of Helen, which argues that persuasive speech can affect the 
mind however it wishes (sec. 13). Two pieces of evidence are these statements: 
‘‘the words of the natural scientists who replace one belief with another and make 
the unbelievable and unclear apparent to the eyes of opinion’’ and ‘‘philosophical 
debates that show how easy it is for the quickness of our judgment to alter our 
confidence in our opinions.’’ Gorgias seems to be speaking of phenomena known 
to his readers, who we may assume were familiar with philosophical debates and 
presentations of scientific theories. Moreover, since in Gorgias’s time there was 
no clear distinction between science and philosophy, the range of subjects cov- 
ered by ‘‘philosophical debates’’ would have included scientific topics. Whether 
or not there were competitions with prizes,37 Hippias’s boast that he had never 
been bested at anything by anyone at the Olympics or elsewhere suggests a public 
competitive setting in which to declaim or debate. 

It was virtually inevitable that fifth-century Greek science would be pre- 
sented in a public forum, given the nature of Greek society and the prominence 
social and political developments of the fifth century gave to public speaking and 
debate, and particularly given the absence of a scientific community to serve as a 
specialized audience. Moreover, remaining in the public domain might bring 
some advantages. No doubt scientists wished to present their theories in public 
to promote the truth they claimed to have found. The desire to disseminate new 
knowledge may have arisen from disinterested motives of benevolence and love 
of wisdom, but concerns of ego and self-interest were often present too. 

Thus Xenophanes may have earned his living by singing his poems. Hip- 
pias, who made money by teaching, would have been eager to appear in public 
at least partly in hopes of attracting new students. No doubt many spoke in public 
for the reason Herodotus did. The desire for fame was a strong incentive for the 
egotistic Hippias to speak in public. It may have been one of Empedocles’ mo- 
tives for reciting his Katharmoi at the Olympic festival and may also have 
prompted Pythagoras, the other charismatic figure among the Presocratics. Some 
may have hoped to acquire followers by public presentations: Pythagoras again, 
Parmenides, and perhaps the early Milesians and early Atomists. A final benefit 
that might come from the fame gained by public speaking was proximity to the 
politically powerful. Anaxagoras, we are told by Plato,3* became a close associ- 
ate of Pericles because the latter was impressed with his scientific views, ‘‘on 
which Anaxagoras was continually discoursing.’’39 In some cases the goal may 
have been political power itself: Parmenides the lawgiver and Pythagoras.4° 

Virtually the only major Presocratic not mentioned above is Heraclitus. 
Even that isolated figure may have attempted to teach his difficult doctrines to his 
fellow citizens,*’ but his surviving fragments show that his teaching was not 
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readily intelligible. His isolated position among the Presocratics and the little 
influence his ideas exerted, especially his scientific ideas, in effect make him the 
exception that proves the rule. 

Fifth-century science was in an important sense publicly accessible, and 
the powerful reasons why it was so contributed to its failure to advance more 
rapidly. The price of remaining intelligible to the general public was heavy. It 
meant not creating a technical vocabulary, not developing unfamiliar techniques 
of argument and evidence, not working on abstruse problems. To a large degree 
it meant not specializing, since the ability to treat (however superficially) a broad 
range of problems would seem more impressive than the ability to solve (however 
thoroughly and perhaps tediously) a narrow range. More generally, the time and 
intellectual effort expended in preparing and delivering public presentations 
would have distracted scientists from scientific endeavors. And the nature of the 
public debating situation encouraged participants to attack their opponents rather 
than look critically at their own theories.+* These circumstances impede progress 
in any area of inquiry. And the situation was far worse in the fifth century, before 
the possibility of such progress had been conceived. 

Contrast today’s practice, where scientists present their contributions to 
their professional peers, normally only those in their own specialty, or even those 
concerned with the same range of specific problems.*3 Scientific papers are nor- 
mally unintelligible to the layperson, and certainly unclear, if not wholly unintel- 
ligible, to scientists not in the particular field. When one’s audience is expert 
there is no need to start from the beginning each time. An agreed-upon body of 
facts and theories, a common vocabulary, and shared ideas of the standards and 
criteria of success mark off specialist from layperson. And since they can take 
these for granted, scientists have no need to go over elementary material and 
debate about the foundations of their subject each time. 

Return now to Greece. With no body of experts to appeal to and no com- 
mon vocabulary, theories, or standards and criteria of success, each time a sci- 
entist presented his theories, not only his latest results but also his earlier results 
and the entire basis of his science were subject to public scrutiny. The most ac- 
ceptable theories would have been the most understandable; hence the need for 
familiar material. Further, with no common framework of concepts, methods, 
and standards of explanation and accuracy, that is to say, no agreed-upon basis, 
so that scientists were free to work from different principles, discussion can 
hardly be expected to have advanced beyond foundations and elementary results. 

Kuhn calls this state of science the ‘‘pre-paradigm’’ stage. Although he 
does not discuss our period, some of his comments on physical optics before 
Newton could have been written about fifth-century Greek science. For example: 


Though the field’s practitioners were scientists, the net result of 
their activity was something less than science. Being able to take no 
common body of belief for granted, each writer on physical optics 
felt forced to build his field anew from its foundations. In doing so, 
his choice of supporting observation and experiment was relatively 
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free, for there was no standard set of methods or of phenomena that 
every optical writer felt forced to employ and explain. Under these 
circumstances, the dialogue of the resulting books was often di- 
rected as much to the members of other schools as it was to na- 
ture.#4 


He makes the following observations about his main example, the history of elec- 
trical research in the early eighteenth century: 


History suggests that the road to a firm research consensus is ex- 
traordinarily arduous. History also suggests, however, some reasons 
for the difficulties encountered on that road. In the absence of a par- 
adigm or some candidate for a paradigm, all of the facts that could 
possibly pertain to the development of a given science are likely to 
seem equally relevant. As a result, early fact-gathering is a far more 
nearly random activity than the one that subsequent scientific devel- 
opment makes familiar. Furthermore, in the absence of a reason for 
seeking some particular form of more recondite information, early 
fact-gathering is usually restricted to the wealth of data that lie at 
hand. . . . Only very occasionally . . . do facts collected with so 
little guidance from pre-established theory speak with sufficient 
clarity to permit the emergence of a first paradigm. This is the situa- 
tion that creates the schools characteristic of the early stages of a 
science’s development. No natural history can be interpreted in the 
absence of at least some implicit body of intertwined theoretical and 
methodological belief that permits selection, evaluation, and criti- 
cism. . . . No wonder, then, that, in the early stages of the develop- 
ment of any science, different men in confronting the same range of 
phenomena, but not usually all the same particular phenomena, de- 
scribe and interpret them in different ways. 


How much wider still the realm of facts and interpretations when sciences are not 
differentiated and the whole universe, all of phusis, can supply one’s materials! 
With so vast a field one could not know where to begin, how closely to look at 
one phenomenon before examining the next, or even how to look at a phenome- 
non ‘‘closely.’’ Even supposing the technology adequate, there was little point in 
constructing specialized apparatus to wring new data from what was at hand, 
since it was not clear what data would be useful; and besides, the problem was 
not a lack of data but of consensus on how to treat the data at hand. 

Adoption of a paradigm produces a radical transformation in scientific ac- 
tivity. For one thing, progress is quicker. The paradigm becomes a criterion for 
identifying problems that scientists have every reason to suppose they will be able 
to solve. They become more successful at solving them and their progress is more 
noticeable. They no longer need to choose problems that appear important to 
laypersons. Since the paradigm involves technical vocabulary, techniques for 
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solving problems, and standards of success, scientists become specialists, iso- 
lated (as regards their work) from the rest of humanity in that they are free to 
choose esoteric problems and have their own criteria for successful solutions. 
Moreover, they can address their results to a specialist audience without concern 
for challenges from rival schools on fundamentals or the need to defend their 
results and methods before a lay audience.45 

My suggestion is that fifth-century Greek natural science failed to make 
significant progress because it was in the pre-paradigm stage. Since no natural 
science had a paradigm, scientists did not know that anything was missing. More- 
over, the public setting of scientific discussion with the lay public as arbiter pre- 
sented further obstacles to securing the widespread agreement needed for a par- 
adigm to be adopted. As long as science was a competitive, not a cooperative, 
pursuit, there could be little temptation for anyone to undertake the self-criticism 
needed to set science on a firmer footing. 

Thus the techniques of rational argument that were crucial to the emergence 
of the Greek scientific tradition also contributed to the relative slowness of its 
progress. To advance, science needed a paradigm. Rather, it needed to be divided 
into a number of sciences and a paradigm needed to be found for each. For this 
to happen, reform had to come from outside, since natural science was in a rut 
from which it was not likely to free itself. 

In fact, the remedy came from outside the realm of natural science, from 
mathematics, whose early history was quite different. The scarce source material 
for pre-Euclidean mathematics makes it certain that there was remarkable prog- 
ress by the end of the fifth century, especially in geometry. It is sufficient to refer 
to two advances made by Hippocrates of Chios, whose activity is placed in the 
third quarter of the fifth century. His achievement of the quadrature of lunes,4° is 
significant for present purposes not only for its sophistication in treating difficult 
problems, but particularly for the broad knowledge of geometry it represents. It 
presupposes knowledge of the geometry of angles, parallels, triangles (including 
the extension of the Pythagorean theorem to non-right triangles), polygons, cir- 
cles (including polygons inscribed in circles), and similar figures. This material 
includes subjects treated in books I, II, II, [V, and VI of Euclid’s Elements. Most 
strikingly it also requires the proposition that appears as Elements, book XII, 
theorem 2, whose proof in Euclid depends on the method of exhaustion, a so- 
phisticated technique attributed to Eudoxus but undoubtedly anticipated by Hip- 
pocrates in his proof of the proposition.47 In addition, by this time Pythagorean 
geometry knew material Euclid would present in books I, II, IV, and VI.48 

It is clear that by the late fifth century the sum total of geometrical knowl- 
edge was considerable. Moreover, the first steps had been taken to organize it 
systematically. Hippocrates is called the first to compose a book of elements.49 
Although his book has disappeared along with all other pre-Euclidean books of 
elements, it is agreed that it had at least roughly the same organization as Euclid’s 
work; that is to say, it depended on “‘a distinction between more and less funda- 
mental propositions, and. . . the term ‘elements’ (stoicheion) itself was used of 
primary principles or starting points of some kind—even though their nature may 
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not have been clearly specified.’’5° Hippocrates’ work may have included most 
or all of the material mentioned above, although the theorems were not necessar- 
ily placed in the same order as in Euclid, the proofs may have been different and 
less rigorous, and the basic principles may not have had the same form as in 
Euclid. Also in number theory there is evidence that ‘‘implies the existence at 
least as early as the date of Archytas (about 430-365 B.c.), of an Elements of 
Arithmetic in the form which we call Euclidean; and no doubt text-books of the 
sort existed even before Archytas, which probably Archytas himself and others 
after him improved and developed in their turn.’’5' 

Whether mathematicians took their notion of proof from the dialectical 
practice of philosophy, especially that of the Eleatics,5? or themselves first dis- 
covered that some geometrical and number-theoretical truths follow from others, 
and so invented the notion of proof, the idea of proving theorems was familiar 
before the end of the fifth century. 

In the fourth century, books of elements multiplied, and the sort of arrange- 
ment we find in Euclid doubtless became standard. After remarking on Hippoc- 
rates, Eudemus mentions Leodamas, Archytas, and Theaetetus, contemporaries 
of Plato, who all added to the number of known theorems and to a more scientific 
arrangement of the subject. In addition, Leon (called a pupil of Neoclides, who 
was younger than Leodamas) ‘‘composed elements more carefully with regard to 
both the number and the usefulness of the propositions proved,’’ Theudius of 
Magnesia ‘‘did a fine job of arranging the elements,’’ and Hermotimus of Colo- 
phon ‘‘discovered many of the elements.’’ Thus at least three men had composed 
books of elements by the mid—fourth century. The others Eudemus names may 
also have written books of elements, but even if they did not, their efforts were 
directed at least partly toward improving existing systematizations of geometry.53 

Simultaneously with these advances in organization geometry was also ex- 
periencing unprecedented growth in new and more general and difficult results. 
In addition to Leodamas, Archytas, and Theaetetus, whose achievements were 
referred to above, Eudemus mentions that Neoclides, Leon, Eudoxus, Amyclas 
(or Amyntas) of Heraclea, Menaechmus, Dinostratus, Theudius, and Hermoti- 
mus as having advanced the subject and notes others who contributed as well. 
Still other names could be added, but the point is clear already. To judge by the 
number of mathematicians active at this time and their impressive results (one 
thinks above all of Eudoxus),54 geometry was the outstanding example of a suc- 
cessful discipline. 

Not the least reason for its success was its organization into systems of 
elements, from which several advantages accrued. First, interest in precise defi- 
nitions and development of a technical vocabulary, both of which Aristotle at- 
tests,55 minimized fruitless quibbling over meanings of statements, as well as 
enabling mathematicians to state theorems precisely and think more clearly and 
easily. Second, agreement on the form of elements would have fostered unanim- 
ity about the problems to tackle, the methods to employ in solving them, and 
what to count as successful solutions. 

Third, the books of elements presented material mathematicians could take 
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for granted, a common stock of knowledge on which to base further work. They 
may be regarded as textbooks, which serve the joint purposes of introducing the 
field to novices, familiarizing them with the language and methods of the subject, 
covering basic material that a person must master before going on to advanced 
work, displaying the range of the field by presenting a variety of topics, and 
presenting outstanding earlier work as models for students to emulate.5° Euclid’s 
Elements does not contain all the geometry known in his time and Theudius’s 
book is called the ‘‘text-book of the time just preceding Euclid.’’57 The distinc- 
tion between textbook and research treatise may therefore go back to Hippocra- 
tes, and the subsequent editions of Elements presumably updated their predeces- 
sors at least partly by incorporating some new results. 

Fourth, since mastery of the material covered in books of elements would 
be a minimum prerequisite for a person wishing to be a geometer, for the first 
time in a theoretical subject we can distinguish experts from laymen.5* To be 
sure, many excellent geometers did not specialize in that field to the exclusion of 
all else; mastering the subject did not require so much. But once geometers could 
take a common background for granted they no longer had to worry about heck- 
lers saying that a straightedge does not touch a circle at a point,59 and no longer 
felt pressed to keep their work within the reach of the uneducated public. In 
effect, adopting such styles of elements as the proper form for mathematical text- 
books and the type of proof they contained as the proper form of mathematical 
argument brought the advantages that result from adopting a paradigm. Mathe- 
matics matured more rapidly than natural science and reaped the benefits of its 
maturity. 

An important reason why mathematical subjects flourished early is their 
abstract nature, which makes it relatively easy to identify items and properties to 
treat and which permits precise and significant results to be reached without meet- 
ing the conceptual obstacles that hindered natural science. 

At an early date it was found that some natural phenomena can be described 
mathematically. The most famous early case is the discovery attributed to Py- 
thagoras of the numerical ratios corresponding to the musical intervals of the 
octave (2:1), fifth (3:2), and fourth (4:3). This startling constellation of facts 
prompted further research and interest in a numerical theory of ‘‘harmonics’’ 
referred to by Plato® and Aristotle® and reflected in the Sectio Canonis.* 

Before long mathematics was applied to other phenomena. In the fourth 
century the most famous examples are Eudoxus’s and Callipus’s attempts to ac- 
count for the motions of the heavenly bodies, including sun, moon, and planets, 
by combining circular motions, the revolutions of concentric spheres. Mathemat- 
ical astronomy also treated other problems, which Plato hints at® and Aristotle 
mentions,°4 and which can be seen in On the Moving Sphere, by Autolycus of 
Pitane. There was also a mathematical treatment of optics alluded to by 
Aristotle®s and found in Euclid’s Optics.® 

For our purposes the point is not that mathematics applies to the natural 
world but that by the fourth century serious work was being done in proving 
results about the natural world by the kind of demonstration that had become 
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standard in mathematics, more Euclideo. However, the extent to which mathe- 
matical reasoning penetrated the natural sciences must not be exaggerated. Eu- 
clid’s Optics and the Sectio Canonis proceed by proving theorems in number 
theory or geometry and then applying the pure mathematical results to their sub- 
ject matter according to previously stated rules of interpretation. For example, in 
Optics, proposition 4, Euclid proves that one thing appears larger than another 
by showing that the angle formed by the lines drawn from the observer’s eye to 
the extremities of the one thing is larger than the angle formed in the same way 
for the other thing, and then invoking the principle that things seen under a larger 
angle appear larger.®” Thus these works are applied mathematics more than nat- 
ural science, but it remains that the fourth century had the conception of proving 
facts about certain areas of the natural world and arranging those proofs along the 
lines of a mathematical system of elements. 

These are the scientific ingredients of the theory of demonstrative science. 
Aristotle, I submit, was struck by the rapid advances of mathematics and attrib- 
uted its success at least partly to its arrangement. He knew some branches of 
knowledge could be mathematicized either because they obeyed mathematically 
expressed laws (for example, the ‘‘laws of motion’’ in Physics IV.8 and VII.5) 
or because they were amenable to mathematical reasoning and organization. He 
concluded that organization was the key to success and that any science organized 
like geometry might make quick progress. This belief was reinforced by a con- 
viction that the world was so structured that disciplines presented in the form of 
“elements’’ are presented correctly, so that a ‘‘Euclidean’’ arrangement of a 
subject is not window dressing, but necessary to a full understanding of the sub- 
ject. APo goes a significant step further, defining a science as a subject organized 
after the fashion of mathematics. 

In taking this step Aristotle of necessity adapted and generalized, since 
geometry and other branches of mathematics present features that do not apply 
straightforwardly to natural science. His goal was a wholly general theory that 
can apply both to abstract mathematical branches of knowledge and also to con- 
crete natural ones. These features are reflected in the kinds of principles Aristotle 
requires, the kinds of scientific demonstrations he recognizes, the role of different 
principles in them, and the notion of aitia, ‘‘cause,’’ explanation, or grounds. 

The previous discussion has said nothing of the philosophical as opposed 
to the scientific and mathematical background of the theory of demonstration. In 
fact, there was a philosophical background, found most clearly in Plato, for the 
idea of a single method for all branches of knowledge. To sketch Plato’s thoughts 
on this subject and systematically set out APo as Aristotle’s response is not part 
of my undertaking. Much work has already been devoted to the question,® al- 
though it would be worthwhile to reconsider the matter in the light of the results 
reached in the present study. In general, as frequently occurs, Aristotle is in- 
debted to Plato for a brilliant and fertile idea, but one needing considerable de- 
velopment before it can be put to use. 

In working out the conception of demonstrative science, Aristotle at- 
tempted to specify what was needed to set any intellectual discipline on the road 
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to progress. In effect, he established a model for scientific paradigms—not a 
master science like Plato’s dialectic, but a pattern according to which any disci- 
pline can be arranged. Given that natural science was in a ‘‘pre-paradigm’’ stage, 
Aristotle showed how it, or rather, each of its branches (for he recognized the 
need to differentiate science into different fields and suggested criteria for doing 
so), should be subjected to a paradigm. In fact, his model of science is definite 
enough that a precise notion of paradigm change (and therefore of scientific rev- 
olution) can be given in its terms, and is general enough that he could expect 
succeeding paradigms to fit the model. This subject too is beyond the scope of 
the present work, but it makes the conception of demonstrative science of even 
greater interest today. 


The Approach to the 
Principles 


CHAPTER II 


THE PRINCIPAL SUBJECT of APo is the theory of demonstrative science. APo I. 1— 
3 launches the discussion by introducing Aristotle’s conception of demonstrative 
science, arguing that each such science is based on unprovable principles, and 
establishing a number of requirements that principles must meet. In this chapter 
I will summarize or translate the relevant parts of APo I.1—3 to show in detail 
how Aristotle presents this material and how he gradually and carefully develops 
the fundamental concepts of his theory. Following in his path, I will set out his 
ideas and arguments, discuss some of the difficulties they present, and prepare 
the way to showing that his conception of scientific principles makes for a theory 
that is consistent and economical. 


I... 71aI-11 The work begins with the sweepingly general assertion’ ‘‘all 
intellectual teaching and learning arise from preexisting knowledge [gndsis]’’ 
(aI—2). There follows a list of cases (a2—11) that corroborate this claim and also 
help to sharpen and limit it. Most significantly the claim is said to hold for both 
deductive and inductive arguments, for both kinds of arguments depend on prior 
knowledge—of the premises in the former case, and of the particulars in the lat- 
ter. Moreover, other kinds of arguments—argument by example and by enthy- 
meme—are parasitic on deduction and induction.? 


1.1 71a11-173 Aristotle’s second point is that two kinds of preliminary 
knowledge are required: (a) knowledge that something is and (b) knowledge of 
what the thing mentioned is. This time there is no justification, only examples: 
the example of (a) is the principle that everything may be truly affirmed or denied; 
the example of (b) that “‘triangle’’ signifies this; the unit is an example of both 
(a) and (b)—we must know both what it signifies and that it is. 
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This material presents difficulties. (1) The law of the excluded middle and 
the unit are of logically different types, yet we are said to know in advance that 
both of them are. (2) More generally, why should we believe that these two kinds 
of prior knowledge are needed? (3) Are these the only kinds of prior knowledge 
we need? (4) Do we need them just for scientific knowledge or for all types of 
‘‘intellectual’’ teaching and learning? Nothing in the present context determines 
answers to these questions, and nothing elsewhere, as far as I know, is helpful 
for the fourth. The first three, however, reflect the theory of science as developed 
in APo. It will be necessary to return to them in Chapter 3 when additional ma- 
terial is at hand. For now, I shall merely observe that the passage anticipates some 
of the major concerns of APo, and therefore may have been intended to apply 
only (or in particular) to scientific teaching and learning. It is not justified in its 
immediate context, and cannot be fully understood until the theory of demonstra- 
tive science is presented in some detail. 

The lines that follow (71a17-b8) go closely with aI—11 since they discuss 
a kind of learning that could be taken as an exception to the claim that all learning 
depends on previous knowledge.* 

Chapter 2 begins by identifying two conditions for having scientific knowl- 
edge (epistasthai) of something: 


I.2 71b9-12  ‘‘We think we have scientific knowledge [epistas- 
thai]* without qualification of each thing . . . when we think we 
know [gindskein] the grounds [aitia]® of the thing [pragma] as being 
its grounds, and that this cannot be otherwise.”’ 


NOTES ON TRANSLATION 

a. ‘‘Have scientific knowledge of’’ is at the present stage of the proceed- 
ings an overtranslation of epistasthai, an ordinary Greek word for ‘‘know.’”’ The 
corresponding noun epistémé ordinarily means ‘‘knowledge.’’ APo develops two 
special meanings for the noun: ‘‘scientific knowledge’ (the cognitive state of the 
scientist) and ‘‘science’’ (the body of knowledge known by the scientist).5 A 
geometer has scientific knowledge (epistémé) of the fact that all triangles have 
2R (i.e., angles whose sum is equal to two right angles,) and geometry is a sci- 
ence (epistémé). Correspondingly, the verb epistasthai, ‘‘to have epistémé,”’ will 
in either case mean ‘‘to have scientific knowledge.’’ Since Aristotle has not yet 
specified the import epistémé will have in the work, the reader approaching the 
text for the first time will have no reason to take the word in this special way. On 
the other hand, anyone reading the work a second time will have every reason to 
do so. Also, the conditions for epistémé that Aristotle gives here are presumably 
meant to be individually necessary and jointly sufficient,® but if so, they do not 
identify all of what we would consider to be knowledge or all of what a Greek 
would consider to be epistéme’—an indication that Aristotle intends to use this 
ordinary word in an unordinarily restricted way.* It therefore makes for clarity to 
translate the words in their ‘‘loaded’’ senses throughout.? 
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b. I offer “‘grounds’’ as a translation of aitia, which is more usually ren- 
dered as ‘‘cause’’ (Mure, Ross)'° or ‘‘explanation’’ (Barnes). The issue at stake 
will be discussed thoroughly in Chapter 17. 


DISCUSSION 

What are the objects of scientific knowledge: things, facts, or propositions? 
Aristotle, as a realist, believes that true propositions correspond to facts, and 
from this perspective he does not always distinguish carefully between knowing 
facts and knowing propositions. Moreover, facts are about things, and a true 
proposition that corresponds to a fact is in subject-predicate form, where the sub- 
ject term names the ‘‘thing’’ that the fact is about. In some contexts, it is natural 
to talk of having scientific knowledge of things, as well as of facts and proposi- 
tions. In general, knowledge of a thing will amount to knowledge of facts about 
the thing, and these facts will be expressed in propositions. Consequently I will 
not hesitate to refer to principles, conclusions, and so on as propositions, as facts, 
or both, as seems appropriate. 


THIS PASSAGE IDENTIFIES two conditions for a person (A) to have scientific knowl- 
edge of x: 


(a) A knows" the grounds of x (qua grounds of x) 
(b) A knows that x cannot be other than it is,'? that is, that x is nec- 
essarily true. ‘3 


Aristotle makes a brief attempt to justify this account of scientific knowl- 
edge in terms of general linguistic usage (71b12-16), but says no more at present 
about the significance of (a) and (b). Accordingly, our discussion of these re- 
quirements of scientific knowledge will be deferred.'4 


Scientific Knowledge and Scientific Demonstrations 


I.2 71b16-19 Aristotle next declares (again without proof) that one way 
of having scientific knowledge (epistasthai) is knowing (eidénai) by means of 
demonstration (apddeixis) (b16—17).'5 He defines demonstration as a ‘‘scientific 
deduction’’ (sullogismds epistémonikés) (b17—18), and he defines this as a de- 
duction our possession of which enables us to have scientific knowledge (epistas- 
thai) (b18-19). The result of this section appears meager, but is significant: we 
have scientific knowledge by possessing a deduction that gives us scientific 
knowledge. Since Aristotle is committed to the possibility of scientific knowl- 
edge,'® he asserts here that there is a kind of deduction that yields scientific 
knowledge; that is, by possessing it we satisfy the conditions of scientific knowl- 
edge. A demonstration, then, is a deduction that entails the necessary truth of its 
conclusion and that makes known the grounds for its conclusion. 
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The Premises of Scientific Demonstrations 


Since we have to do with deductions, it is imperative that we know the nature of 
the premises. Since not every valid deduction is a scientific demonstration 
(71b23-24), the difference between proofs (I use this term synonymously with 
‘‘demonstration’’) and other valid deductions will reside in the nature of the 
premises. Aristotle thus needs to identify requirements such that any valid deduc- 
tion from premises meeting the requirements will be a demonstration. 


Six Requirements for Scientific Principles 
Aristotle acknowledges this task and identifies six requirements: 


I.2 71b20-22 ‘‘Demonstrative scientific knowledge must depend 
on things that are (RI) true, (R2) primary, (R3) immediate, (R4) 
better known than,'? (R5) prior to, and (R6) grounds of the conclu- 
sion.”’ 


DISCUSSION 

Aristotle discusses these requirements shortly below, but first it is worth 
noting that RI-R3 are characteristics of the principles of a science in their own 
right, and R4-R6 refer to the relations of the principles to the conclusion. Also, 
only R2 and R3 apply to the principles and to nothing else. Ri applies to all the 
propositions of a science (cf. 71b25—26), and R4—R6 apply to any propositions 
used as premises in a demonstration, including previously proved propositions 
when used as premises for a further conclusion. '* 

The fact that conclusions can also be premises may be responsible for Ar- 
istotle’s studied and neutral choice of words. He says not that RI-R6 are require- 
ments for premises (if he did, R2 and R3 would entail that conclusions could not 
be used as premises),'? but that demonstrative scientific knowledge (or demon- 
strative science) depends on, or proceeds from (Ross),?° things that are true, and 
so on.?! The point is made clear shortly below (71b26—29; cf. 1.3 72b18ff.): even 
if the premise of one proof is the conclusion of another, every conclusion depends 
ultimately on unproved and unprovable principles. Thus a premise meeting re- 
quirements R1-R6 is a principle. But the notion of principle (arché) has yet to be 
introduced ,?? and it will depend on requirements R2 and R3. Aristotle therefore 
has reason to proceed cautiously.”3 


PRINCIPLES ARE PRIMARY AND IMMEDIATE 


I.2 71b26-29 ‘‘[Scientific knowledge] depends on things that are 
primary and indemonstrable* because a person lacking a demonstra- 
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tion of them will not have scientific knowledge. For having scien- 
tific knowledge of things of which there is demonstration (and not 
having it incidentally) is a matter of having a demonstration [of 
them].”’ 


NOTE ON TRANSLATION 

a. ‘‘Indemonstrable”’ is better as a translation of anapéddeiktos than ‘‘un- 
demonstrated.’’24 The term is used equivalently to ‘‘immediate’’ (b21). In fact, 
in syllogistic logic the two terms are equivalent, but ‘‘indemonstrable’’ is a term 
that would be appropriate no matter what kind of deduction were allowed, 
whereas “‘immediate’’ gets its sense from the syllogistic: a proposition that is 
dmesos is, literally, ‘‘lacking a middle term [méson],’’ a term that can serve as a 
middle term in a syllogistic proof of the proposition. (‘‘Unmiddled’’ could be 
used as a translation if literalness were worth the price of barbarism.) For exam- 
ple, in the syllogism ‘‘A belongs to all B, B belongs to all C, therefore A belongs 
to all C,”’ if the premises satisfy conditions RI—-R6, the syllogism is a demonstra- 
tion of the conclusion, via the middle term B. In any syllogistic demonstration, 
which means, as far as APo is concerned, in any demonstration, the conclusion 
is proved via a middle term appropriately linked in the premises to the terms 
occurring in the conclusion. Conversely, any syllogism whose middle term is 
appropriately related to the terms in the conclusion is a demonstration of that 
conclusion. Thus, any proposition that ‘thas a middle’’*5 can be proved, and any 
that ‘‘lacks a middle’’ cannot.*¢ 


DISCUSSION 

APo 1.2 71b26—29 sketches an argument that can be filled in as follows. 
Scientific knowledge depends on indemonstrable principles. Suppose it does not. 
Then it depends on demonstrable principles. In that case, there is demonstrative 
scientific knowledge of the principles, so that to have appropriate, scientific 
knowledge (epistasthai) of them requires having proofs of them, because where 
something can be proved, scientific knowledge of it requires having the proof. 
Therefore, without the proof of the principles, the conclusion based on them can- 
not be known, since (by I.1) prior knowledge of the principles is required for 
knowledge of the conclusion. But if the principles can be proved, their proof 
depends on further principles, which are ex hypothesi not indemonstrable. (Oth- 
erwise we could simply say that the original conclusion depended on these inde- 
monstrable principles.) Therefore the prior knowledge of the original principles 
depends on still prior knowledge of these further demonstrable principles, which 
‘in turn depends on still prior knowledge of yet further principles, and so ad infini- 
tum: a vicious regress, which Aristotle states more clearly below and attributes 
to opponents of demonstrative science (I.3 72b7—15). The regress is avoided by 
denying the hypothesis that scientific knowledge does not depend on indemon- 
‘strable principles (I.3 72b18-24). 
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THE PRIMACY AND immediacy requirements are taken up at 72a5, where the term 
‘‘principle’’ (arché) is formally introduced: 


I.272a5-8 ‘‘To depend on things that are primary is to depend on 
appropriate principles [archai oikeiai], for I call what is primary and 
a principle the same thing. A principle of a demonstration* is an im- 

mediate proposition,” and an immediate proposition is one to which 

no other proposition is prior.’ 


NOTES ON TRANSLATION 

a. The Greek could also mean ‘‘a principle is an immediate premise of a 
demonstration’’ (see note b). Nothing hangs on which translation we choose. The 
translation I have given is slightly preferable from the point of view of Greek 
style. 

b. I follow Barnes in translating protasis as ‘‘proposition,’’ not ‘‘prem- 
ise.’’ What is conclusive for the translation here is Aristotle’s speedy review just 
below (72a8—14) of definitions of certain logical terms, including prétasis, which 
is taken straightforwardly as ‘‘proposition’’ (a proposition affirming or denying 
one thing of one thing).?7 


DISCUSSION 

A principle is what is primary, and principles are immediate propositions. 
I take the first of these claims as a definition of ‘‘principle,’’ the second as a 
further assertion, whose proof requires the additional premise ‘‘all things that are 
primary are immediate propositions.’’ Aristotle does not state or argue for this 
premise, but here and above (71b26—29) he treats ‘‘primary’’ and ‘‘immediate’’ 
as equivalent.?* Interestingly, the definition of ‘immediate proposition’’ as a 
proposition to which no other proposition is prior might be thought more appro- 
priate as a definition of ‘‘primary proposition’ (protos as the superlative corre- 
sponding to the comparative préteros)—another sign that the terms are equiva- 
lent. 

Aristotle thus introduces the concept of a principle by the equation 


Principle = Primary Proposition = Immediate Proposition. 


Since scientific knowledge depends on primary, immediate propositions, it de- 
pends on principles. And since, as I.1 implies, prior knowledge of principles is 
needed for scientific knowledge of the conclusions, all scientific knowledge de- 
pends on knowledge of the principles. 

The present passage uses still another significant term, ‘‘appropriate’’ 
(oikeios). At 71b23, premises meeting requirements R1—R6 are called appropri- 
ate principles of what is proved. Now premises meeting the primacy requirement, 
R2, are called appropriate principles. Since a principle is defined as a thing that 
is primary, it is redundant to call principles appropriate. Still, ‘‘appropriate’’ is 
not devoid of meaning. Rather, it alludes to the relative nature of principles: a 
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principle is a principle of something. In a demonstrative science, the principles 
are the principles on which the demonstrations and demonstrated conclusions de- 
pend. Different sciences have different principles. Proofs and conclusions of ge- 
ometry, not arithmetic, depend on the principles of geometry, which are thus 
‘‘appropriate’’ to the proofs and conclusions of geometry, but not to those of 
arithmetic.?9 

The claim at 71b23, that premises satisfying conditions R1—R6 are appro- 
priate principles of the conclusion, is therefore made with special reference to 
R4-R6. But 72a6-7 may seem to present an obstacle to this interpretation in 
saying that a premise satisfying R2 is an appropriate principle. Two ways out of 
this problem suggest themselves. (1) Since ‘“‘primary’’ is the superlative of 
“‘prior,’’ interpret R2 terms of R5: for a principle to be appropriate to a conclu- 
sion, it must be prior to it, and if it is to be a principle it must be primary, that is, 
must have no other premise prior to it (cf. 72a8). Therefore, to say that scientific 
knowledge depends on primary premises is equivalent to saying that it depends 
on premises that are appropriate principles. (2) If we bear in mind that a principle 
is a principle only for the demonstrations and conclusions based on it, it adds 
nothing to call it ‘‘appropriate.’” However, for some purposes it needs to be em- 
phasized that a principle is not a principle for everything, only for the demonstra- 
tions and conclusions that depend on it. Aristotle does this by speaking of ‘‘ap- 
propriate’ principles. Thus ‘‘appropriate principle’’ is equivalent to ‘‘principle 
of x,’’ where x stands for one or more of the demonstrations and conclusions 
depending on the principle. And when Aristotle omits ‘‘appropriate’’ in 72a6-7, 
he immediately afterwards highlights the relative nature of principles by saying 
‘‘a principle of a demonstration is an immediate proposition.’ 3° 


1.3. InI.2 Aristotle commits himself to the existence of knowable unprov- 
able (immediate, primary) principles on which all else in a science is based. APo 
1.3 treats two rival views, both maintaining that demonstration is the only way of 
acquiring knowledge (72b15—16; cf. b12—13). But where one says that scientific 
knowledge is impossible (since there are no knowable unprovable principles on 
which to base it), the other says that not only is it possible, but all the propositions 
in a science can be proved, and therefore known, because circular proof is pos- 
sible (so that there is no need for unprovable principles).3' After sketching these 
arguments (b7—18), Aristotle replies to the assumption shared by the two 
positions? that all scientific knowledge depends on demonstration (b18-25). Dis- 
appointingly, the meat of the reply consists in a reaffirmation of his own view, 
rather than an argument in rebuttal: 


1.3 72b18—-22 ‘‘We say that not all scientific knowledge is based 
on demonstration® but that of the immediates is not,” and this is ob- 
viously necessary,° for if it is necessary to have scientific knowl- 
edge of the things that are prior and on which the demonstration de- 
pends, it? stops at some point,° and these immediates‘ must be 
indemonstrable.”’ 
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NOTES ON TRANSLATION 

a. ‘‘Based on demonstration’ (apodeiktiké): sometimes translated ‘‘de- 
monstrative.”’ 

b. ‘‘Not [based on demonstration]’’ (anapédeikton): ‘‘indemonstrable’’ or 
‘‘undemonstrated’’; the former is preferable. 

c. It is necessary in that it follows necessarily from the following consid- 
eration. 

d. ‘‘It’’ refers to the process of basing premises on still prior premises. 

e. The comma is Barnes’s punctuation, following Solmsen (1975, p. 104 
n. 2), and is defended by Verdenius (1981, p. 346). 

f. ‘‘These immediates’’: the ultimate premises. 


DISCUSSION 

The inadequacy of this response is obvious. Aristotle’s opponents agree 
that scientific knowledge requires scientific knowledge of the premises on which 
it is based, and they simply deny that the process ever stops. In fact, this idea is 
the basis of their objections. 


ARISTOTLE CONTINUES: 


1.3 72b23-25 ‘‘This is our view on these things, and we say that 
there is not only scientific knowledge [epistémé], but also a princi- 
ple of scientific knowledge [arché epistémés)* by which we recog- 
nize the definitions.”’ 


NOTES ON TRANSLATION 

a. Aristotle says first that there is indemonstrable epistémé of immediates 
(b19—20) and now that aside from epistémé there is also an arché epistémés. He 
seems to dither on the question whether knowledge of the principles is epistémé, 
but the situation is a bit more complex. Since he has not yet introduced nods and 
clarified its relation to epistémé (as he does at II.19 100b5—17), it is not clear how 
he could express himself better. According to his final view, all epistéme is de- 
monstrative, but there is nois of the indemonstrable immediates. But to say this 
at 72b18ff. would befuddle the discussion. Rather than dithering, Aristotle may 
be conscientiously refusing to use undefined terms in his discussion. 

b. ‘‘Definitions’’ is my interpretation of Adroi. Other interpretations are 
possible: either ‘‘terms’’ or ‘‘limiting propositions’ (Ross). Horismds is the 
word most frequently used for ‘‘definition’’ in APo (e.g., at 1.2 72a21).33 Clearly 
the sense must be ‘‘by which we know the immediate principles.’’ This sense can 
be achieved either by taking héroi to cover all kinds of principles,34 or by taking 
héroi to mean ‘‘definitions’’ and supposing that Aristotle is speaking as though 
definitions were the only kind of principle,5 or by taking it to mean “‘definitions”’ 
and supposing that he is using definitions as a specimen type of principle. 
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DISCUSSION 

The rest of 1.3 raises objections to the possibility of circular proof, which 
need not be considered here.3° We are left, then, with an undefended assertion of 
the existence of unprovable but knowable principles. Aristotle’s position is co- 
herent, but he needs to show that such principles do exist. He takes up this task 
in book II (explicitly in II.19, but in effect elsewhere too). His strategy is to show 
how we come to have knowledge of indemonstrable principles. If his account 
succeeds, it follows that there are knowable indemonstrable principles. 


‘ 


PRINCIPLES ARE TRUE 


I.2 71b25-26 ‘‘They [principles] must be true because it is not 
possible to (a) have scientific knowledge of what is not the case, 
e.g., that the diagonal [of a square] is commensurate [with its 
side].”’ 


DISCUSSION 

This elliptical argument is Aristotle’s entire defense of R1. I explicate it as 
follows. The nature of deduction guarantees that true premises yield true conclu- 
sions.37 One or more false premises may occur in a deduction with a true conclu- 
sion, but false premises may also lead to false conclusions (e.g., that the diagonal 
is commensurate with the side).3* Since scientific knowledge is based on deduc- 
tions, the only way to ensure that a person with scientific knowledge of a conclu- 
sion knows it to be true is to require that the premises of the deductions be true.39 


PRINCIPLES ARE BETTER KNOWN, PRIOR, AND GROUNDS 


I.2 71b29-33 ‘‘[The principles] must be grounds, better known, 
and prior: they must be grounds because we have scientific knowl- 
edge precisely in cases when we know the grounds; they must be 
prior if they are grounds; and they must be previously known not 
only in that we understand them, but also in that we know that they 
are the case.”’ 


DISCUSSION 

Aristotle’s argument for R6 comes straight from 71b9-12, where knowing 
the grounds of x is one of two requirements for having scientific knowledge of x. 
Further support is needed. Granted that having scientific knowledge of x consists 
in possessing a scientific demonstration of x, that this is a deduction based on 
indemonstrable principles, and that scientific knowledge of x requires knowing 
the grounds of x: even so, why must the grounds be the principles rather than an 
intermediate conclusion used as a premise in proving x, or rather than some 
wholly different kind of consideration?4° Aristotle takes up the former question 
in IJ.17-18. The latter question challenges the Aristotelian conception of dem- 
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onstration, since it asks in effect why we should believe that a demonstration 
explains anything. This issue will be taken up in detail in Chapter 17 below. For 
the present I shall anticipate some of the results of that discussion by saying that 
the conception of grounds (aitia) in APo is tailored to the needs of demonstrative 
science. A demonstration is an explanation, and the principles are the (ultimate) 
grounds of the conclusion. Aristotle is using the word aitia acceptably, even if 
not in its only sense, or its most common one. He could defend himself by saying 
that he has sharpened the ordinarily fuzzy conception of aitia into a philosophi- 
cally serviceable tool, according to his normal procedures.4? At most he has 
shown at 71b30—31 that the principles of a scientific demonstration must in some 
sense be the grounds of its conclusion. He returns later (especially at I.13 and 
II.8-18) to the task of specifying that sense. 


R4 AND R5 ARE TREATED together, apparently as equivalent: 


1.2 71b33-72a5 ‘‘Things may be prior and better known in two 
ways: for what is prior in nature [téi phisei] and what is prior in 
relation to us (pros hémds) are not the same, nor what is better 
known and what is better known to us [hémin]. I call prior and bet- 
ter known in relation to us the things that are nearer to perception, 
and prior and better known without qualification [Aap/6s] the things 
that are farther. The things that are farthest [from perception] are 
those that are most universal [kathdlou mdlista] and those that are 
nearest are the particulars; and these are opposed to one another.”’ 


DISCUSSION 

Again, it will be best to put off full discussion of this distinction until Chap- 
ter 17,47 but a few preliminary points may be made. First, Aristotle does not use 
fixed formulas. On the one hand, things may be prior or better known either ‘‘in 
relation to us’’ (prds hémds) or simply ‘‘to us’’ or ‘‘for us’’ (hémin). On the 
other, they may be prior or better known ‘‘in nature’’ (téi phisei) or ‘without 
qualification’ (haplés), or they may be simply ‘‘prior’’ or ‘‘better known’’ (as 
at al). 

Second, although ‘‘better known’’ is the best translation of 
gnoriméteron* and it seems important to keep a single English word for both 
ways of being gndriméteron, the difference between the two points to ‘‘more 
intelligible’ as a translation of the word when we have gndriméteron ‘‘in nature’’ 
and ‘‘better known’’ when we have gndriméteron ‘‘to us.”’ 

Third, at a1—4 Aristotle seems to define what is prior and better known to 
us as what is “‘nearer to perception.’’ However, as Barnes points out (p. 101), it 
is difficult to reconcile this definition with Topics. V1.4 141b36—142a4, which 
indicates that there is no single answer to the question ‘‘What things are most 
familiar to us?’’ Aristotle is probably not defining the term, but giving a general 
indication of the kinds of things that ordinary people who are not experts at a 
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science are more readily able to grasp, think about, and understand (in a limited 
unscientific way).44 

Fourth, the contrast between what is ‘‘better known to us’’ and what is 
“better known in nature’ or ‘‘better known without qualification’ does not im- 
ply an unbridgeable gulf between what ‘‘we mere humans’’ can know and what 
is knowable in ‘‘the highest sense.’’ Plato in a bleak mood might have affirmed 
such a view, but Aristotle places no such limits on our ability to know reality. 
That the gulf can be crossed is made clear by the statement that we must make 
what is better known by nature better known to us (Met. Z.3 1029bI—12). Our 
situation can change; we can become experts from laymen. When he contrasts 
the terms as extremes, he has in mind ‘‘us ordinary laymen’’ with no scientific 
knowledge of the subject, at the opposite extreme from the expert to whom what 
is best known is what is most intelligible, the principles of the science.45 

Fifth, Aristotle seems to treat R4 and R§5 as if they were identical—most 
clearly in the ‘‘definitions’’ (a1—4). But if they are not definitions but what was 
indicated above, R4 and R§5 need not be identical. They may be notionally dis- 
tinct, while applying to the same items. 

Sixth, the ‘‘definitions’’ are followed by assertions that particulars are near- 
est (to perception) and ‘‘the most universal things’’ are farthest (from percep- 
tion). Aristotle changes from the comparatives (‘‘nearer,’’ ‘‘farther’’) found in 
the ‘‘definitions’’ to superlatives and then associates the superlative terms with 
other terms that we see as being of different logical types. The contrast between 
particular and universal is not one that can occur in degrees: something is a par- 
ticular or a universal, but nothing is more universal than another, and therefore 
nothing is most universal. On the other hand, there are degrees of generality and 
specificity. To understand Aristotle here, we must see that he does not distinguish 
between universal and general, so that when he speaks of things that are most 
universal, he means the most general terms (which of course are universals), and 
_ at the opposite end of the scale he puts particulars, which he thinks of as the least 
general, most specific terms.4° 

In any case, the purpose of making the distinctions is to clarify in what way 
the principles of a science are prior and better known. Clearly they must be prior 
to and better known in nature than the conclusions. 


I . 509; cf. ibid., p. 54) and that Aristotle ‘thas in mind here . . . priority ‘in 
knowledge’ (P is ‘prior in knowledge’ to Q if knowledge that Q requires knowl- 
edge that P, but not vice versa)’’ (Barnes, p. 100). The passage surely favors 
Ross, since the priority of the principles is explained in terms of their being 
grounds, not in terms of their greater intelligibility. But is this all? As Barnes 
nts out (ibid.), it depends on how we understand ‘‘and they must be previously 
<nown’’ (b31) to be connected to the passage. Is it a restatement of the ‘‘better 
oOwn’’ requirement (‘‘The principles must be prior since they are grounds. 
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They must also be previously known’’), or a further reason for their priority 
(‘‘The principles must be prior since they are grounds and also since they are 
previously known’’)? To begin with, if “‘previously known’’ is understood in a 
temporal sense, it does not mean the same as the relevant sense of gnoriméteron 
(‘more intelligible’’). In fact, the discussion of ‘‘better known to us’’ and ‘‘bet- 
ter known in nature’’ shows that in general the principles are not known before 
the conclusion?’ and also that Aristotle is inclined to think that the principles are 
the last things to be known.** A further objection to Ross’s interpretation is that 
it makes the discussion of R4 anomalous. The stretch from 71b25 offers justifi- 
cation for the six conditions placed on scientific principles at b21-22. Each of the 
other five conditions is said to hold because (b25, b27, b30) or since (b31) some- 
thing else is the case. What is wanted for R4, then, is not just a restatement, even 
in a somewhat more detailed form. 

Barnes’s interpretation avoids the second of these problems. The justifica- 
tion of R4, then, occurs at 71b33—72a5 in the discussion of ‘‘better known in 
nature,’’ and comes from the close association of R4 with R5 there, especially at 
a3. The principles are prior (without qualification), and the same things that are 
prior (without qualification) are also better known (without qualification). There- 
fore, the principles are better known without qualification. But now the problem 
with ‘‘previously known’’ arises again. How does it explain that principles are 
prior (in nature) to say that they are previously known, and why should we be- 
lieve that they are previously known at all? The solution consists in noticing that 
although Aristotle does intend temporal priority,*9 he has in mind the context of 
demonstrative science. From this point of view, a person must first know the 
principles (in the appropriate way for principles to be known) and may then con- 
struct proofs based on them. We may know the truth of a derivative proposition 
before we know the principles, but we cannot know that proposition scientifically 
until we have the appropriate knowledge of the principles. This interpretation is 
confirmed by 72a25ff., especially a27-28, and a35, which says that anyone who 
is convinced (of a conclusion) by means of a demonstration must have previous 
knowledge (of the principles). 

What, then, is the nature of the principles’ priority? There is one way in 
which they are not temporally prior: they are not true earlier in time than the 
conclusions. Then is the priority (1) temporal as regards our knowledge (we must 
know them before we know the conclusions scientifically, (2) epistemological 
(knowledge of conclusions depends on knowledge of principles, but not vice 
versa), (3) ‘‘causal’’ (in some sense of that word),5° or (4) logical (the truth of 
the conclusions follows from that of the principles)? The principles are prior in 
all four ways. APo I.2 71b31—33 points to (1) (‘‘previously known’’)5" and (3) 
(‘‘grounds’’). (4) is implied by 71b28-29 (‘‘having scientific knowledge of 
things of which there is demonstrative science is a matter of having a demonstra- 
tion [of them]’’), and (2) is implied by (4) together with the claim that having a 
demonstration depends on knowing the principles.5? The fact that the principles 
are prior in a number of ways does not mean that these different sorts of priority 
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come to the same thing, but that the theory of demonstrative science coordinates 
them. It reflects a commitment to a natural ordering of propositions and of the 
facts the propositions represent, and also to a natural ordering of intelligibility, 
so that the basic propositions/facts are the most intelligible and the dependence 
of one proposition/fact on others is reflected in the way its intelligibility (and our 


scientific knowledge of it) depends on the intelligibility of (and our knowledge 
of) the principles. 


I.2 72a25-b4 Two more epistemological requirements are discussed in 
the final paragraph of the chapter: (1) we must know the principles more (mdllon) 
than the conclusions and believe more (pistetiomen mdllon) in the principles than 
in the conclusions, and likewise (2) we must know more and believe more in the 
principles than ‘‘the opposites to the principles, on which depends the deduction 
of the contrary mistake [tés enantias apatés).’’ The significance of the paragraph 
is suggested by the first sentence, which must not be misunderstood: 


I.2 72a25-28 ‘‘Since it is necessary to believe in [pisteiein] and 
to know the thing by having the kind of syllogism we call demon- 
stration, and this [kind of syllogism] results from the fact that the 
things on which the syllogism depends are these,* it is necessary not 
only to know the primary things? previously, either some or all of 
them, but also to do so more [mdillon].”’ 


NOTES ON TRANSLATION 


a. ‘‘These’’: the kinds of principles that have been discussed. 
b. ‘‘Primary things’’: the principles. 


DISCUSSION 

The ‘“‘since’’ clause is obviously false if understood to say that the only 
way to believe in something is by having a demonstration of it. Even the present 
chapter of APo contains two reasons against this interpretation. First, there are 
degrees of believing in something (as Aristotle knows—cf. pisteiomen mdllon at 
a32). Having a demonstration of something is grounds for believing very strongly 
init, and so weaker belief will presumably come in other ways. Second, we must 
lave some belief in the things Aristotle calls ‘‘better known to us.’’ For those 
things that are ‘‘nearer perception,’ seeing is believing. And we can have genu- 
‘ine belief, genuinely felt confidence in such things, even without a scientific 
proof. 
This problem too is solved by recognizing that Aristotle is speaking in the 
context of demonstrative science. We should understand the clause to mean 
‘since if we are to have scientific knowledge of x we must believe in and know 
x by having a demonstration of x.’’ 
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ARISTOTLE’S SUMMARY OF (1) makes it clear that he intends this context: 


I.2 72a37-39 ‘‘A person who is going to have the scientific 
knowledge that comes through demonstration must not only come to 
know [gnorizein] the principles more and believe more in them than 
in what is proved... ”’ 


DISCUSSION 

Does this mean that Aristotle is introducing a special kind of belief as well 
as a specialized kind of knowledge? He gives no special definition or account of 
belief here, so we have no reason to think that the word is not being used with its 
ordinary meaning. On the other hand, the context is a discussion of a kind of 
knowledge for which there are unusually strong requirements. When we have this 
kind of knowledge of x, we know that x is true, and also that x is necessary, and 
why x is necessarily true, and how it depends on the relevant principles. The kind 
of belief in x that is appropriate in this context will correspond: we must not only 
believe in x (believe that x is true), but also believe that x is necessary, and so on. 
This is what belief in something as a scientific fact consists in. In this way it is 
clear that we can have genuine (nonscientific) belief in the truth of x that is not 
based on belief in the principles, and also that when we have scientific knowledge 
of x, our belief that x is necessary and that x is necessarily true for such and such 
reasons is based on our belief in the principles, specifically our belief that the 
principles on which x depends satisfy conditions RI-R6. What is at stake, then, 
is not the meaning of the word ‘‘belief,’’ but the conditions for using it in this 
particular context. The paragraph asserts that in the case of scientific knowledge, 
the grounds of our belief are identical with the grounds of our knowledge. An 
expert at a science believes in the conclusions of his proofs because of his belief 
in the principles. Faith and knowledge coincide. 

The main difficulty is how to understand the force of the comparative in the 
claim that we know and believe in the principles more (mdllon) than the conclu- 
sions. Belief can vary in strength, we may suppose, but knowledge does not: 
either you know something or you don’t. Barnes has a promising approach to this 
problem. He says: 


Aristotle was familiar with this line of argument . . . , and the text 
provides, implicitly, his answer to it: part of the notion of knowing 
that P is being convinced that P; since I can be more convinced that 
P than I am that Q, I can be said, in a reasonably intelligible sense, 
to know that P ‘‘more’’ than I know that Q. And [the assertion that, 
if P is a conclusion and IT its principles, and if a has demonstrative 
knowledge that P, then IT is more known to a than P is] can then be 
defended on Lockean grounds: P is infected by any uncertainty that 
infects IT and also by any uncertainty that affects the inference from 
II to P. If we allow the possibility of complete certainty, then [the 
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assertion] needs a slight modification: P cannot be more known than 
II is. (Pp. 104-5) 


The objection to this reading is that the ‘‘slight modification’’ destroys 
whatever point Aristotle is trying to make. For Aristotle, the expert’s certainty in 
the conclusions of demonstrations is complete (‘‘a person who has unqualified 
scientific knowledge must be unable to be persuaded to change his mind,’’ 72b3— 
4), so that on Barnes’s interpretation principles and conclusions are equally well 
known. An interpretation that is false neither to the text nor to Aristotle’s recog- 
nition that knowledge does not have degrees must find a different interpretation 
of mallon.3 


THE MOST LIKELY approach is given by another statement that speaks of knowing 
and believing ‘‘more’’: 


I.2 72a30-32 ‘‘Since we know and believe in [the conclusions] 
through [or on account of] the primary [principles], we also know 
and believe in them [i.e., the principles] more, because through 
[i.e., on account of] them also [we know and believe in] the subse- 
quent [propositions].”’ 


DISCUSSION 

Experts know the principles ‘‘more’’ because it is through them that they 
know the conclusions. ‘‘More,’’ then, seems to mean something like ‘‘more fun- 
damentally,’’ or ‘‘more basically,’’ in the sense that knowledge of principles is 
primary, that of conclusions derivative. Experts are more committed to their 
knowledge of principles than to their knowledge of what depends on them. This 
greater commitment to principles is expressed by saying that we believe in prin- 
ciples more than the conclusions. It is not necessary at present to say more about 
this paragraph.55 The passage complements the other texts we have examined and 
helps us understand the nature of scientific principles and the relation the special- 
ist has to them. 


WE HAVE SEEN that the theory of demonstrative science is committed to the exis- 
tence of indemonstrable principles that satisfy RI-R6. We have also seen, in a 
preliminary way, how R1-R6 fit together to make the theory consistent and eco- 
nomical. We have not seen what kinds of propositions serve as principles, how 
the requirement that the objects of scientific knowledge (the conclusions of dem- 
onstrations) be necessary (71b12) is accounted for by R1—R6, or how demonstra- 
tions make use of principles in proving their conclusions. These issues need to be 
discussed for us to understand the workings of demonstrative sciences. I shall 
begin with the first. 


The Kinds of Principles 


CHAPTER III 


ARISTOTLE’S GENERAL VIEW on the kinds of principles found in demonstrative 
sciences is reasonably clear. There are three sorts of principles: axioms, which 
are principles occurring in more than one science and for that reason frequently 
called ‘‘common’’ (koind); definitions of the subjects and attributes of the sci- 
ence; and assertions that the subject or subjects of the science exist. The defini- 
tions and existence claims are called proper principles (dia) in contradistinction 
to the common axioms. 

How such principles function in scientific demonstrations, what the precise 
nature of such kinds of principles is, and how reasonable it is to base a science 
on such principles will be taken up later. In the present chapter I examine pas- 
sages bearing on the topic of the kinds of principles and establish that Aristotle’s 
view is what I have asserted it to be. Because these passages can be read in many 
different ways, it is necessary to work through them with care. We shall see that 
in addition to confirming this interpretation, the passages reflect different points 
of view, depending on Aristotle’s immediate purposes, and that there is a certain 
amount of fluctuation in his terminology for the various kinds of principles. 

First, a methodological note. At several places APo contains lists. In I.1, 
there is a list of ways in which we must have preliminary knowledge (71alI I-16). 
In I.2, a list of kinds of immediate deductive principles (72a14-24). In I.7, a list 
of ‘‘the things in demonstrations’’ (75a39-b2). In I. 10 a list of ‘‘the principles in 
each genus’’ (76a31—36), an account of ‘‘the things they use in demonstrative 
sciences’’ (76a37—b10), and a list of three things every demonstrative science is 
concerned with (76b11—15, cf. b21~22). In I.32, a list of ‘‘two kinds of princi- 
ples’’ (88b27-29). The lists do not agree in all details, but rather than simply 
charge Aristotle with inconsistency, I will try to account for the differences in 
terms of his varying points of view in the contexts of the passages. 


36 
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I begin with I.10,' which contains the longest discussion of the types of 
principles: 


I.10 76a37-41 ‘‘Some of the things they use in demonstrative 
sciences* are proper [fdia] to each science and some are common 
[koind]. . . . Examples of proper ones are that a line is such and 
such, and that the straight is such and such. An example of a com- 
mon one is that if equals are subtracted from equals, the remainders 
are equal.”’ 


NOTE ON TRANSLATION 
a. ‘‘The things they use in demonstrative sciences’’: a vague phrase, which 
the following lines show is used of the principles of a science. 


DISCUSSION 

This passage distinguishes between proper and common principles, and 
gives examples of each. Aristotle’s examples of proper principles are definitions. 
There is no need to mention the other kind of proper principles, existence claims, 
since Aristotle needs only to indicate that there are proper principles. Existence 
claims are identified as proper principles just below (76b3). 


THE NEXT PARAGRAPH continues this discussion: 


I.10 76b3-10 ‘‘Proper things* are (1) those things that are as- 
sumed to exist, concerning which‘ the science investigates the at- 
tributes that belong to them per se. For example, arithmetic [is con- 
cerned with] units, geometry with points and lines. For 
[arithmeticians] assume that these exist and that they are this.° (2) 
[Concerning] the per se attributes of these they assume what each 
signifies‘—for example, arithmetic assumes what odd, even, square, 
and cube signify, and geometry what irrational or to inflect or verge 
signify. But that they exist, they prove through the common princi- 
ples® and from the things that have been proved.’’* 


NOTES ON TRANSLATION 

a. ‘‘Proper things’’: in the previous paragraph, proper things were propo- 
sitions; here they are items (subjects, attributes). The proper principles of a sci- 
ence are the principles that concern the proper things in the ways specified. 

b. ‘‘Those things that are assumed to exist’’: one of Aristotle’s ways of 
characterizing the subject genus of a science. Compare 76b12, translated and 
discussed in Chapter 4 below. The examples at 76b4—5 make it clear that these 
are the subjects (as opposed to the attributes) of a science. 

c. ‘‘Concerning which’’: another characterization of the subject genus. 
Compare 76b22 and I.32 88b28, and also Chapter 4 below. 
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d. The signifcance of the technical expression ‘‘per se’’ (kath’ hautd) is 
given in I.4 and elaborated in I.6. It is discussed below in Chapter 7. 

e. The most economical interpretation of ‘‘that these exist and that they are 
this’’ is that both the existence and the definitions of the subjects are assumed. 
This accords with 76a31-—36 (translated and discussed shortly below). It is not 
clear what else could be meant. But why ‘“‘that they are this’’ instead of ‘‘what 
they signify’’ (cf. 76a32, b7)? The answer is provided at II.7 92b4-8: only if we 
know that x exists is it possible to know fi esti x (‘‘what x is’’). Otherwise, all we 
can know is té sémainei x (“‘what x signifies’). This is precisely what is being 
said of the subjects of a science, as opposed to the attributes. The existence of 
the subjects is assumed, whereas that of the attributes must be proved, and at the 
initial stage at which we have only the unprovable principles, only the definitions 
of subjects whose existence is assumed can be characterized as ti esti; those of 
the attributes qualify only as indicating ti sémainei. (Aristotle does not make the 
further point that after their existence is proved the same formula that indicates ti 
sémainei will then qualify as indicating ti esti, but there is no need for him to 
explain this subtlety here.) The passage says ‘‘that they are this,’’ not ‘‘what they 
are,’’ but the difference is not significant. It presumably means ‘‘that it is pre- 
cisely this sort of thing,’’ which will be only an emphatic way of saying ‘‘what it 
is.” 

f. Regarding ‘‘what each signifies,’’ see note e. 

g. For discussion of the sense of “‘through’’ as it is used in ‘‘through the 
common principles,’’ see the section ‘‘The Alleged Regulative Role of Axioms’’ 
in Chapter 6 below. 

h. ‘‘From the things that have been proved’’: Aristotle fails to mention the 
proper principles as well. Zabarella (1966, pp. 791e—792a) correctly supplies this 
omission. 


DISCUSSION 

This passage distinguishes two kinds of proper things in a science: subjects 
and per se attributes of those subjects. Definitions of both are assumed as scien- 
tific principles. The subjects are assumed to exist, while the per se attributes are 
proved to exist, that is, proved to belong to an existing subject. 

APo II. 1—2 allows that the existence of some subjects can be proved,” thus 
prompting a distinction between primitive and derivative subjects. Can this dis- 
tinction be found in APo I, or is Aristotle actually inconsistent on this important 
matter? The present passage does not seem to know such a distinction, since 
when it talks of ‘‘the attributes that belong to them per se,’’ ‘‘them’’ should mean 
all subjects, not just primitive ones. On the other hand, the examples given of 
subjects (units, points, lines) are probably intended as primitive subjects in their 
sciences. 


ARISTOTLE NEXT EXPANDS the distinction at 76a37—41 in the light of 76b3-10: 


I.10 76b11-15 ‘‘For every demonstrative science is concerned 
with three things, (1) as many things as are posited to exist (these 
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are the genus whose per se attributes the science investigates), (2) 
the common principles, called axioms,* from which as primary [the 
science] forms its demonstrations, and (3) the attributes, concern- 
ing which [the science] assumes what each signifies.’’* 


NOTES ON TRANSLATION 

a. In ‘‘the common principles, called axioms’’ (ta koind legédmena 
axiémata), ‘‘axioms’’ should be understood as a gloss on ‘‘common principles,”’ 
the term that has been used until now in this chapter (76a38, a41, bio). Other 
versions are ‘‘what are called the common axioms’’ (Barnes), ‘‘the common ax- 
ioms so-called’’ (Heath 1949, p. 51), and ‘‘the axioms which the mathematicians 
call common’’ (Ross, p. 540).3 

b. ‘‘From which as primary [the science] forms its demonstrations”’ is only 
one possible translation. Others are: ‘‘which are the primary source of demon- 
stration’? (Heath 1949, p. 51), ‘‘the primitives from which it demonstrates”’ 
(Barnes), ‘‘which are the primary premises of its demonstration’? (Mure). The 
occurrence of ‘‘primary’’ is puzzling: are the common principles being marked 
as prior to the other principles? But I.2 71b21 states that all principles are pri- 
mary. I suggest that ‘‘from which as primary’’ marks axioms as principles as 
described in 1.2, and that Aristotle points this out because in the present list they 
are the only item that is a kind of principle. The others are the subjects and attri- 
butes that are not themselves principles, although their definitions and existence 
claims (for some or all subjects) are. 

c. ‘‘Of which [the science] assumes what each signifies’’ corresponds ex- 
actly to the description of the per se attributes at 76b6—7. 


DISCUSSION 

This passage summarizes the foregoing. A new feature is the term “‘genus’’ 
(génos), here identified with ‘‘as many things as are posited to exist’’: the sub- 
jects (or primitive subjects). At I. 10 76b12—13 and I.7 75a42ff. the genus is con- 
ceived as all its subjects. In the present passage, the per se attributes are attributes 
of the genus, while at 76b6—7 they are attributes of the subjects. If the genus is 
identical with all the subjects, the two come to the same thing. 

However, this passage is not decisive on the question whether APo distin- 
guishes between primitive and derivative subjects. Aristotle has so many ways of 
characterizing the subject genus¢ that it is quite conceivable that he could describe 
it in terms of the primitive subjects (since everything else follows from them). 


1.10 76b16—22 The next lines defend the doctrine of kinds of principles 
against cases that seem to violate the rules just laid down. A science may neglect 
to make some of its principles explicit if they are obvious. But that does not affect 
matters. Even if the assumptions are tacit they are still needed. This passage 
concludes: 


I.10 76b21-22 ‘‘Nonetheless, these things are by nature three: 
(1) that concerning which? [the science] forms its demonstrations, 
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(2) what it demonstrates,° and (3) the things from which [it demon- 
strates].’"¢ 


NOTES ON TRANSLATION 

a. “‘By nature’’ means that the nature of demonstrative science requires 
that there be these three kinds of things. The distinction between ‘‘by nature’’ 
and ‘‘with respect to us’’ of I.2 71b34ff. is relevant. Even if someone overlooks 
the need to assume some of the principles of the science, according to the real, 
fully intelligible state of affairs they are there: they are assumed implicitly even 
if not explicitly. 

b. The singular of the pronoun shows that this is the genus. For the identity 
of the genus with the subjects, see 76b12-13 and 76b3-—4. (Both passages are 
translated earlier in the present chapter.) 

c. Comparison with 76b6—11 shows that these are the per se attributes, 
which it proves to exist. 

d. These are the common principles, described similarly at 76b14. 


DISCUSSION 

This passage repeats familiar doctrine: in each science there are subjects, 
per se attributes, and axioms. Again, although this is not a list of types of prin- 
ciples (the only principles mentioned are the axioms), the definitions of the sub- 
jects and of the per se attributes, and the existence claims for some or all of the 
subjects, constitute the remaining principles. 


THE PREVIOUS DISCUSSION makes it easier to understand the difficult first para- 
graph of I. 10: 


1.10 76a31-36 ‘‘I call principles in each genus those [regarding] 
which it is not possible to prove that they exist. What both the pri- 
mary and the derivative things signify is assumed, but it is neces- 
sary to assume that the principles exist and prove that the others do. 
For example, it is necessary to assume what unit signifies, and what 
straight and triangle do, and that the unit and magnitude exist, but it 
is necessary to prove the rest.”’ 


DISCUSSION 

The key to understanding this passage is the examples of ‘‘principles’’ at 
76a35f.: ‘‘the unit and magnitude.’’ Principles (archai) here are subjects (or 
primitive subjects}—an exceptional (and unnecessarily confusing) use of the 
term.5 Once this is recognized, the passage falls into line with the passages of 
I.10 already discussed. Again we have the distinction between things (here called 
primary [préta] as well as principles) whose existence as well as whose definition 
is assumed, and derivative things (td ek touiton) whose definition alone is as- 
sumed. 
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This passage provides evidence that APo I distinguishes between primitive 
and derivative subjects. APo I.10 76a34—36 groups the subject triangle along 
with the attribute straight as an item whose definition is assumed but whose ex- 
istence needs to be proved. Thus, unit is taken to be a primitive subject of arith- 
metic, other numbers being defined in terms of units, but triangle is a derivative 
subject (cf. II.7 92b15—16) whose existence depends on more primitive kinds of 
magnitude. In fact, the appearance of magnitude instead of triangle as an instance 
of a subject whose existence must be assumed looks like a deliberate move to 
point to the distinction between primitive and derivative subjects.° 


ANOTHER BASIC PASSAGE on the kinds of principles is found in I.2: 


I.2 72a14-24 ‘‘Among immediate deductive principles, I call a 
thesis® one that it is not possible to prove, but that it is not necessary 
for a person to have if he is going to learn anything,° and an axiom 
one that it is necessary for a person to have if he is going to learn 
anything at all. For there are such things. For we are accustomed to 
apply the name especially to such things. Among theses,‘ one that 
assumes either of the members of the contradiction® (i.e., | mean, 
that something exists or does not exist)‘ is a hypothesis,* and one 
without this is a definition. For a definition is a thesis, for the arith- 
metician posits” that a unit is that which is indivisible in quantity, 
but it is not a hypothesis, for what a unit is and that a unit exists are 
not the same.”’ 


NOTES ON TRANSLATION 

a. ‘‘Among immediate deductive principles’? (amésou d’ archés 
sullogistikés): that is, among principles of demonstrations. Demonstrations are a 
kind of deduction (71b18), and mention of the immediacy condition implies the 
context of demonstrative science, where the only deductions are demonstrations. 
The singular in the Greek can be explained by the structure of the sentence. Ar- 
istotle sets out to define “‘thesis’’ (singular) and does so in terms of ‘‘one that it 
is not possible to prove . . . ’’ (singular). The Greek naturally uses no word to 
express ‘‘one,’’ and the Greek for ‘‘that’’ (singular) refers back to ‘‘immediate 
deductive principle,’’ which must be singular to preserve agreement. This is pos- 
sible Greek, but English requires a plural. 

b. The translation of thésin as ‘‘thesis’’ accords with translating hupothesis 
as ‘‘hypothesis’’ (72420, a23), but does not exhibit the etymological force of the 
explanation in terms of tithetai (‘‘posits’’) at 72a21—22. Barnes’s ‘‘supposition’’ 
for hupothesis, ‘‘posit’’ for thésis, and ‘‘posits’’ for tithetai preserve the links 
among the words, but I prefer to keep the traditional translation ‘‘hypothesis,’’ at 
the small cost of a brief explanatory note. 

c. “‘If he is going to learn anything’’ has the same meaning as ‘‘if he is 
going to learn anything at all’’ just below. 
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d. Though English requires the plural in ‘‘among theses,’’ the Greek (thé- 
se6s) is singular, not plural. The construction is somewhat like the one explained 
in note a. 

e. ‘‘Contradiction’’ and ‘‘member of a contradiction’’ are defined above 
(72a12—14): ‘‘A contradiction is an opposition in which per se there is nothing in 
between. A member of a contradiction asserting something of something is an 
affirmation, and one denying something of something is a negation.’’ For exam- 
ple, an affirmation is ‘‘Socrates is mortal,’’ a negation is ‘‘Socrates is not mortal’’ 
and these two propositions together form a contradiction. Since there is a nega- 
tion corresponding to any affirmative proposition and vice versa,’ the expression 
‘either of the members of a contradiction’’ is equivalent to ‘‘any affirmative or 
negative proposition.’’ Note also that ‘‘the contradiction’’ is a more literal trans- 
lation of tés antiphdseds than ‘‘a contradiction,’’ which is the translation usually 
given (Mure, Barnes). Aristotle specifies which contradiction he intends in the 
following words. 

f. “‘I.e., I mean, that something exists or does not exist’’ translates hoion 
légo to einat ti é t6 mé einai ti. We must make choices in translating two words 
in this clause. The term hofon can mean either “‘for example”’ (‘‘e.g.’’) or “‘that 
is to say’’ (“‘i.e.’’). Compare Bonitz, 502a1—6 for the former and 502a7-20 for 
the latter.* Also einai can be taken as either ‘‘to exist’ or “‘to be the case.’’ The 
decision among these possibilities depends on our interpretation of the present 
passage and of Aristotle’s doctrine of the kinds of principles. On the view that 
there are precisely three kinds of principles, and of these, hypotheses are exis- 
tence claims, hofon is taken as ‘‘i.e.’’ and einai as ‘‘to exist,’’ and tés antiphds- 
e6s is taken as referring to the contradiction ‘‘x exists; x does not exist.’’ If hy- 
potheses are taken to include, but not to be restricted to, existence claims, either 
hoion is taken as ‘‘e.g.,’’ einai as ‘‘to exist,’’ and tés antiphdseos as ‘‘a contra- 
diction,’’ or hofon is taken as ‘‘i.e.,’’ einai as ‘‘to be the case,’’ and tés anti- 
phdseos again as ‘‘a contradiction.’’ Since the present passage identifies axioms, 
definitions, and hypotheses as principles and I. 10 identifies axioms, definitions, 
and existence claims for subjects as principles, consistency with I.10 is achieved 
by translating hoion as ‘‘i.e.’’ and einai as ‘‘to exist’’ so that the only hypotheses 
are existence claims. This choice also permits us to translate tés antiphdseds more 
naturally as ‘‘the contradiction’’ since it commits us to the view that the only 
relevant contradiction is the one formed by the propositions ‘‘x exists’’ and ‘‘x 
does not exist.’’ Anyone who believes that the three kinds of principles identified 
in I.10 are not the only kinds intended will translate hoion and einai differently. 
But since nothing in this passage implies a doctrine inconsistent with that of I.10, 
it is best to assume consistency without a compelling reason to do otherwise.? 

g. The clause ending with ‘‘hypothesis’’ (hupéthesis) is Aristotle’s strict 
definition of hypothesis. He introduces other meanings of the term at I.10 
76b23ff. 

h. ‘‘Posits’’ (tithetai) is the verb from which ‘‘thesis’’ (thésis) derives. See 
note b. 
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DISCUSSION 

This passage identifies three kinds of principles. It uses the procedure of 
division by dichotomy, first distinguishing theses from axioms and later subdi- 
viding theses into hypotheses and definitions. In I.10 axioms are called common 
principles as opposed to proper principles. If the two chapters tell the same story, 
then the theses of I.2 will be the proper principles of I. 10. 

Axioms here are said to be prerequisite for all learning—a strong claim, 
which may be softened somewhat. First, the first sentence of APo makes it clear 
that APo is concerned only with ‘‘intellectual’’ learning (71a1). Second, we may 
go farther and suppose that here the only learning that counts is the kind associ- 
ated with demonstrative sciences (cf. manthdnontos, I.10 76b33). Barnes inter- 
prets the definition of axiom as ‘‘P is an axiom for S = 4, if anyone knows any 
proposition in S, then he knows that P,’’ where P is a proposition and S is a 
science (p. 103), but this account fails to capture the idea that axioms apply in 
more than one science. 

In saying ‘‘For there are such things. For we are accustomed to apply the 
name especially to such things,’’ Aristotle defends his definition of axiom by 
insisting that there are things that satisfy his definition of axioms. He refers to 
current usage of the word and asserts that the things to which it is applied do 
satisfy his description. We conclude that the word ‘‘axiom’’ was in current use 
and that Aristotle thought that the things called axioms were very general; also 
that (since he found it necessary to point this out) the characterization of axioms 
Aristotle offers here was unfamiliar—which means either that axioms had previ- 
ously been described differently (so that Aristotle is redefining the term) or that 
the term was in use without a definition, or without a generally accepted defini- 
tion (so that Aristotle is filling a gap). I will discuss the nature of axioms below 
in Chapter 6. 

Regarding hypotheses, notes e and f justify interpreting them as existence 
claims. This is not the only possible interpretation of the text. Its advantage is its 
agreement with I.10. A potential objection to the view is the thought that a sci- 
ence could not get very far starting from only axioms (which it shares with other 
sciences), definitions, and existence claims. One of the main theses of this book 
is that Aristotle believed that the three kinds of principles are an adequate basis 
for a science, so that the interpretation I have given of this passage is what Aris- 
totle meant. 

A further question arises out of the claim that a hypothesis assumes either 
of the members of the contradiction in question. How can a claim of nonexistence 
be a principle of a science? Surely sciences treat things that exist and not things 
that do not. Physics 1V.6—9 may have some bearing on this question. These chap- 
ters contain dialectical (nondemonstrative) arguments to show that there is no 
void, and it is possible that the negative hypothesis ‘‘there is no void’’ would 
have been one of the principles of physics if Aristotle had organized the subject 
as a demonstrative science. Such a proposition could serve as a premise in those 
proper demonstrations that proceed by reductio. 

The description of a definition as ‘‘one without this,’’ by which is meant a 
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thesis that does not assert existence or nonexistence, is odd, but in accordance 
with the procedure of division by dichotomy. In fact, a definition does not assert 
existence (or nonexistence).'° This interpretation is more plausible than Barnes’s 
view that a definition ‘‘does not suppose that anything is the case’’ (pp. 103-4). 
In a perfectly ordinary sense of the expression, we would say that, for instance, 
the definition of triangle supposes that it is the case that a triangle is a three-sided 
rectilinear plane figure. 

Aristotle envisages the same principles in 1.2 as he does in I.10. The dif- 
ferences are differences of emphasis. 1.10 is concerned to distinguish between 
the kinds of indemonstrable assumptions relating to subjects (or possibly primary 
subjects) and those relating to attributes (and possibly derivative subjects too) and 
to distinguish these groups from axioms. I.2 sets out to identify the types of 
principles without reference to the kinds of things they apply to. The difference 
is only a difference of viewpoint, not of doctrine, and even the example used in 
the I.2 passage (viz., ‘‘unit’’) is used to make the same point in I. 10 (72a22—24, 
76a34-36, b4). 


THE PRECEDING PASSAGES contain Aristotle’s views on the kinds of scientific prin- 
ciples. A number of other passages bearing on this subject must be discussed too, 
since they can be taken in ways that raise problems for the interpretation being 
advanced. First is a paragraph that introduces among other terms a nonstandard 
use of ‘‘hypothesis”’: 


I.10 76b23-34 ‘‘What must be* because of itself and must seem 
[to be because of itself]® is not a hypothesis or a postulate.*. . . 
Whatever provable things a person assumes, if he has not proved 
them himself and if he is assuming things which seem [provable] to 
the learner,’ he is hypothesizing* them—and it is not a hypothesis 
without qualification, but only in relation to him—and if he is as- 
suming the same thing either when there is no opinion or even the 
opposite opinion, he is postulating.‘ And a hypothesis and a postu- 
late differ in this, for what is contrary to the learner’s opinion is a 
postulate—anything that can be demonstrated and that a person as- 
sumes and employs without having proved.®”’ 


NOTES ON TRANSLATION 

a. In ‘‘what must be,”’ ‘‘be’’ means ‘‘be the case’’ since the present pas- 
sage defines hypothesis and postulate in terms of propositions (‘‘things that can 
be proved’’). 

b. What immediately precedes (‘‘What must be because of itself’’) shows 
“‘[to be because of itself]’’ to be the correct supplement. Translators usually sup- 
ply simply ‘‘to be the case’’ or ‘‘to be true’’ (Ross, p. 540; Barnes), but this is 
not the sense that is wanted. Aristotle is offering a second characterization of 
scientific principles. The relevant point is not that they seem to be true, but that 
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they seem to be principles. This epistemic characterization makes the description 
of principles correspond to the descriptions of hypothesis and postulate below. 

c. This is the first occurrence of the term ‘‘postulate’’ (aitéma) in APo. It 
is Euclid’s word in the Elements for one kind of principle of geometry, but Ar- 
istotle’s use is different (cf. below, Chapter 11). 

d. How are we to complete the thought implicit in ‘‘things which seem’’? 
It is wrong to supply ‘‘to be because of itself’’ as at b24 because here we are 
dealing with provable propositions, not principles. The standard interpretation 
(as at b23) is ‘‘things that seem to be the case.”’ I prefer to take it as ‘‘things that 
seem to be provable’’ (going back to deiktd énta in b27)—a stronger condition 
than the standard reading since it excludes not only false propositions but also 
many true ones. It has the advantage of making the point more relevant in its 
context. In a demonstration all premises must be either principles or proved con- 
clusions. The premises must not merely be true; they must be proved (or anyway 
provable). 

e. The verb in “‘he is hypothesizing’’ (hupotithetai) corresponds to the 
noun ‘‘hypothesis.”’ 

f. The verb in ‘‘he is postulating’’ (aiteitai) corresponds to the noun ‘‘pos- 
tulate.’” The verb is an ordinary word for ‘‘ask’’ or ‘‘demand’’ and in the middle 
voice also means ‘‘ask for one’s own use.’’ The noun translated as ‘‘postulate’’ 
derives from this verb and has the sense of ‘‘something asked, demanded, or 
asked for one’s own use.”’ Aristotle is imagining a teacher having to request or 
demand to be allowed to use a proposition, whereas if the pupil believed the 
proposition to be true (or provable) such a request would not be necessary. 

g. I follow Hayduck (cf. Ross, p. 540) and Barnes in emending the text so 
that it merely repeats the definition of ‘‘postulate’’ (first the differentia, then the 
genus). Without emendation, the passage reads: ‘‘for a postulate is (1) what is 
contrary to the learner’s opinion, or (2) anything that can be proved and that a 
person assumes and employs without having proved’”’ (ésti gar aitéma to hupen- 
antion toi manthdnontos téi déxéi, &€ hd dn tis apodeikton on lambénéi kai 
chrétai mé deixas). (The emendation consists in removing é, ‘‘or.’”) Unemended, 
the passage first repeats the specific difference of postulates given above and then 
defines postulates as the genus of which it was just said to be a species, and we 
must see Aristotle as (abruptly!) introducing a different definition of ‘‘postulate,”’ 
thus showing ‘‘that it, like hypdthesis, has not yet hardened into a technical 
term’’ (Ross, p. 540). I prefer to emend, not because it is hard to believe that 
there were competing definitions of such terms, but because the present passage 
reads much more smoothly. 


DISCUSSION 

This passage introduces hypotheses (in a noncanonical sense) and postu- 
lates as kinds of assumptions made in connection with demonstrative sciences. 
The first sentence shows that they are not principles. Recall that principles are 
grounds of the other propositions in a science (I.2 71b22). Being unprovable, 
they are also ungrounded (cf. ek mé aitiatén . . . aitién at 1.9 76a20; also 1.6 
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75a35-37,; 1.24 85b24-25), and hence they ‘‘must be the case because of them- 
selves and must seem to be the case because of themselves.’’'' Hypotheses and 
postulates are provable propositions a person assumes without himself having 
proved them. This makes it clear that the use of ‘‘hypothesis’’ here is different 
from that in ].2 72a14ff., where hypotheses are ‘‘immediate deductive princi- 
ples.”’ 

What person would omit to prove provable theorems? Mention of ‘‘the 
learner’’ (b28, b33) suggests a teaching situation, so the ‘‘person’’ will be the 
teacher. But what Aristotle says does not apply to all ways of teaching. The 
method of teaching envisaged is demonstration, and the circumstances seem to 
be the sort that frequently occurs in teaching mathematics, where a teacher in 
proving one theorem uses another theorem whose proof is too difficult or time- 
consuming for presentation to the class. 

Hypotheses and postulates differ according to the pupil’s attitude. A prop- 
osition is a hypothesis if the pupil is inclined to believe it. (I argue in note d that 
the pupil believes not only that the proposition is true but also that it is provable.) 
Otherwise it is a postulate. (Parallel reasoning calls for the pupil to have no opin- 
ion on or positively to disbelieve that the proposition is provable.) Aristotle 
stresses the relative nature of hypotheses and postulates: ‘‘and it is not a hypoth- 
esis without qualification, but only in relation to him’’ (b29—30); ‘‘he is assuming 
the same thing’’ (b31)—the same thing can be both a hypothesis and a postulate, 
depending on the learner’s attitude. 

From the point of view of the structure of demonstrative science, hypothe- 
ses (in this sense) and postulates are totally unimportant. They are provable prop- 
ositions, and it is only in a special context that their proofs are not given. Since 
this context is the teaching situation, it follows that there can be differences be- 
tween the intelligible order revealed by the structure of a science and the order in 
which a science is taught, a fact that is a difficulty for those who believe that APo 
‘offers a formal model of how teachers should present and impart knowledge.’’? 
The passage is important for showing that Aristotle envisages some relation be- 
tween demonstrative science and teaching, and also for the insight it gives us into 
the unsettled state of scientific terminology. Nevertheless it does not teach us 
anything about the kinds of scientific principles. 


ANOTHER PASSAGE that uses the terminology of scientific principles is the fol- 
lowing: 


1.10 76b35-77a4 ‘‘Definitions* are not hypotheses for they are not 
said to be or not be anything,” whereas hypotheses are among the 
propositions.* It is necessary only to understand the terms, but this 
is not a hypothesis (unless someone is even going to say that hear- 
ing is a hypothesis). Hypotheses are, rather, all those things‘ that 
are [true], such that by their being [true] the conclusion follows. 
Nor does the geometer hypothesize falsehoods, as some declare, de- 
claring that we must not make use of what is false, but the geometer 
speaks falsely when he says that the line he has drawn is a foot long 


Kinds of Principles 47 


when it is not a foot long or straight when it is not straight. But the 
geometer does not base any conclusion on the grounds that the line 
that he himself has spoken of is this one [which he drew], but on the 
things indicated by these [figures]. Further, every postulate and hy- 
pothesis is either general or specific, whereas definitions are neither 
of these.”’ 


NOTES ON TRANSLATION 

a. I accept the normal translation of héroi (e.g., Mure; Ross; Heath 1949, 
Pp. 52) as opposed to ‘‘terms’’ (Fritz 1955; Barnes). Landor 1981 is helpful, and 
I follow his interpretation, though not his translation of the word as ‘‘definien- 
tia.’’ If man = 4, rational animal, ‘‘rational animal,’’ though technically the de- 
finiens, is frequently called the definition of man. 

b. ‘‘Are not said to be or not be anything’’ follows the manuscripts, with 
Barnes. By itself, a definiens is not a proposition, though a proposition is formed 
simply by attaching the definiendum and the copula. ‘‘To be’’ (einai) here is the 
copula (unlike the superficially parallel einai at 72a20, which is existential). 

c. ‘‘Propositions’’ is only one possible translation of protdsesin. Another 
possible translation is ‘‘premises.’’ In any case the only propositions they could 
be are premises. (They are contrasted with conclusions at b38—39.) 

d. ‘*All those things’’: ‘‘all’’ brings out the generality implicit in héson. 

e. ‘‘Either general or specific’ translates @ hos hdlon é hos en mérei, 
which is literally ‘‘either as [a] whole or as in [a] part.’’ There is wide agreement 
(Mure, Ross, Heath, Barnes) that the intended contrast is between universal and 
particular, but since no scientific proposition is singular, ‘‘particular’’ would 
have to be taken as ‘“‘specific’’ or “‘less general’’ and ‘‘universal’’ as ‘‘general’’ 
or “‘more general.’’?3 


DISCUSSION 

The present passage contrasts héroi and hypotheses. Horoi usually means 
‘‘definitions,’’ but cannot here, since definitions are, strictly speaking, principles 
and therefore propositions, and b35—36 says that hdroi are not propositions.'+ The 
other translation, ‘‘terms,’’ is ruled out by a4: héroi are neither general nor spe- 
cific (or, neither universal nor particular); terms are. Hence the attraction of in- 
terpreting Adroi as definientia (‘rational animal’’) as opposed to full-blooded 
definitions (‘‘man is a rational animal’’). Héroi do not constitute yet another kind 
of principle; not being propositions, they cannot be principles. A hdros is an 
element of a full-blooded definition, and so is related to one kind of principle. 

Hypotheses here are not the hypotheses of I.2 72a19-20. There they are 
existence claims; here they are defined more broadly as any premises used in 
deductions (a38-39). Therefore ‘‘they are not said to be or not to be anything,”’ 
cannot have existential force (as in Ross’s paraphrase ‘‘not being assumptions of 
existence or non-existence,’ p. 538, which requires emending /égontai to lége- 
tai). This third use of ‘‘hypothesis’’ (different also from I.10 76b23—34)'5 may 
be brought in from outside the theory of demonstrative science, since the defini- 
tion is not framed in terms dependent on the theory.'® 
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A point about mathematical practice is made at 76b39—77a2. The geometer 
draws a line AB and says ‘‘Let AB be straight.’’ This is not a (false) assertion that 
AB is straight, but means ‘‘Let AB indicate or represent a straight line.’’ This kind 
of assertion is important in the ‘‘ekthetic’’ proof procedure of geometry, and is a 
kind of premise used in geometrical proofs. It is not a definition and is not obvi- 
ously an existence claim. Aristotle appears tu have inadvertently brought in a 
kind of proposition that is a fourth kind of unprovable principle, though I shall 
argue later’? that this is not the case. In the end the passage adds nothing to 
Aristotle’s doctrine of the kinds of principles. 


ANOTHER RELEVANT PASSAGE occurs at the beginning of APo: 


I.1 71alI-17 ‘“‘It is necessary to have two kinds of previous 
knowledge. (1) For some things it is necessary to suppose in ad- 
vance that they are; (2) for others it is necessary to understand what 
the thing being said is;* and for yet others, both. For example, [re- 
garding the principle] that everything may be truly affirmed or de- 
nied [it is necessary to suppose in advance] that it is, for the triangle 
[it is necessary to understand] that it signifies this, and for the unit 
both things—both what it signifies and that it is. For each of these is 
not similarly clear to us.”’ 


NOTE ON TRANSLATION 

a. ‘‘What the thing being said is’’: equivalent to ‘“‘what it signifies.’’ Ar- 
istotle overlooks the distinction of II.7, discussed in note e, on I.10 76b3-11, 
earlier in the present chapter. 


DISCUSSION 

The examples are the key to the passage. The law of the excluded middle 
occurs elsewhere (I.11 77a22, a30, 1.32 88b1) as an example of a common prin- 
ciple. In I.10 the unit appears prominently as a subject whose significance and 
existence both need to be assumed among the proper principles of arithmetic 
(76a32-35). Also triangle is a subject whose significance must be assumed 
(76a34—35). Therefore I.1 contains the standard doctrine of the three kinds of 
principles, despite its explicit statement that there are only two kinds of previous 
knowledge needed. In fact, one of the two is based on an ambiguity. Our prelim- 
inary knowledge of the law of the excluded middle, knowledge ‘‘that it is,’’ is 
knowledge that it is the case, and our knowledge of the unit is knowledge that it 
exists. The present passage therefore anticipates the standard doctrine of I.10 and 
1.2, so the types of prior knowledge it treats are those needed for demonstrative 
science, or rather (cf. 71a1) for the teaching and learning that produce demon- 
strative knowledge. (Whether they are needed for other kinds of teaching and 
learning is not clear.) Also, they are apparently the only kinds Aristotle believed 
necessary for this teaching and learning. 

This passage gives more evidence!* that APo recognizes a distinction be- 
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tween primitive and derivative subjects. For the primitive subject unit but not for 
the derivative subject triangle we must have previous knowledge that it is (i.e., 
exists). 


A FINAL PASSAGE presents a different picture of the principles: 


1.32 88b27-29 ‘‘The principles are of two kinds: ‘from which’ 
and ‘concerning which’; those ‘from which’ are common, those 
‘concerning which’ are proper, for example, number, magnitude.’’ 


DISCUSSION 

This passage contradicts Aristotle’s standard doctrine that there are three 
kinds of principles. Those ‘‘from which’’ are the axioms (cf. I.10 76b14, b22), 
and those ‘‘concerning which’’ are subjects (as the examples indicate). What has 
become of the per se attributes? There is another sign that Aristotle wrote these 
lines without paying full attention to the details of his theory. The proper princi- 
ples (idiai archat) are definitions and existence claims, not subjects. Subjects are 
proper things (édia). In fact, it is wrong to say that principles are that “‘concerning 
which.”’ Since the purpose of the passage is not to go into detail about the types 
of principles, but to establish that there are principles that are restricted to a 
single subject genus,'® there is no call to see it as presenting a serious rival to the 
standard doctrine. All Aristotle is doing is recalling (casually) that there are 
proper principies in addition to the common ones. 


Summary 


Aristotle’s views on the kinds of principles emerge mainly from I.10 76a31—-b15 
and I.2 72a14-24. There are three kinds of principles: axioms, definitions, and 
hypotheses. Hypotheses are assertions of the existence of subjects of the science. 
The axioms differ from the other kinds by the fact that they are common, relevant 
to more than one science,?° whereas the definitions and hypotheses are proper, 
that is, restricted to one science.” Each science treats a body of subjects and their 
per se attributes. The definitions of all these subjects and attributes form one class 
of principles. Existence claims are needed for all or some of the subjects: the 
passages differ on this point. APo I.10 76b3—15 favors the former view; I.10 
76a31-41, I.1 71at1—17 and 1.28 87a38—39 favor the latter. 

Although identifying the kinds of principles is an important step, it does 
not get us very far. In order to learn how demonstrative sciences work, we need 
to find out in detail how Aristotle conceived of the different principles. Only then 
will we be in a position to see what roles the different principles play in proofs 
and to appreciate Aristotle’s conception of the nature of science and the structure 
of reality. 


The Subject Genus 


CHAPTER IV 


I SHALL BEGIN my examination of scientific principles by looking at the nature of 
the genus or subject genus (génos, hupokeimenon génos), which is the basis for 
the proper principles (existence claims and definitions) of a science, and so is a 
central concept in the theory. 

To put it in a rough and preliminary way, the subject genus is what a sci- 
ence is about,' the subject matter it investigates, as arithmetic investigates num- 
ber and geometry spatial magnitude. Each science treats one genus (1.28 87438). 
A genus consists of subjects and attributes, of which the proper principles state 
the definitions and (in some cases) posit the existence, and whose per se relations 
the demonstrations prove. The subjects and attributes are ‘‘proper to each sci- 
ence’’ (I.10 76a38) because they are parts of the science’s subject genus. 

Subject genera are not arbitrary but natural, natural kinds or groupings of 
related things.? Different types of things belong to different genera (1.32 88b1— 
2) and different genera are treated by different sciences (‘‘The subject genus is 
different’’ is offered at I.9 76a12 as the explanation of why harmonics is a dif- 
ferent science from arithmetic. Cf. also 1.7 75b3-6). 

Subject genera thus serve as principles of identity and individuation for 
sciences. A science always deals with its own genus (1.7 75b7-8), and no science 
can prove the conclusions of another (1.7 75b12—14). Two sciences are different 
if and only if they treat different subject genera. Two scientific propositions are 
treated by the same science if and only if their subjects and attributes belong to 
the same genus. Attributes can be proven to belong to subjects only if they belong 
to the same genus. Principles having to do with the subjects and attributes of one 
genus do not have to do with the subjects and attributes of another: different 
sciences have different principles. 

This rule has two exceptions. First are the axioms or common principles,3 
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which apply to a plurality of subject genera and are principles of otherwise un- 
related sciences. Second are some of the principles of the ‘‘subalternate’’ sci- 
ences,+ which sciences are described as being ‘‘one beneath the other’’ (1.7 
75b15); in these hierarchies, Aristotle notes, the principles of one science are 
used to prove results in another. Even here the genera are the same ‘‘in a way’’ 
(1.7 75b9). 

The doctrine of subject genera implies that the sciences are radically sepa- 
rated from one another. Several consequences of the doctrine indicate the nature 
of the separation. 

First, there is no transference (metdbasis) of proofs from one science to 
another. The argument for this consequence occupies most of 1.7: 


1.7 75a38-b20 ‘‘It is not possible to demonstrate by crossing from 
another genus; for example, [it is not possible to prove] what is geo- 
metrical by means of arithmetic. . . . In cases where the genus is 
different, as in arithmetic and geometry, it is not possible to apply 
an arithmetical proof to the accidents of magnitudes, unless the 
magnitudes are numbers. . . . But arithmetical proof always has the 
genus with which the demonstration is concerned, and similarly for 
the others. And so the genus must be either the same without qualifi- 
cation or somehow the same if the demonstration is going to cross. 
Otherwise it is clearly impossible, for the extremes and the middles 
must be from the same genus. For if they are not per se, they will be 
accidents. For this reason it is not possible to prove by geometry 
that the knowledge of opposites is single or that two cubes are a 
cube, nor [is it possible to prove] by one the matter of another, ex- 
cept for all that are so related to one another that one is under the 
other, as the facts of optics are related to geometry and the facts of 
harmonics to arithmetic. Nor [is it possible to prove by geometry] 
anything not belonging to lines qua lines and qua following from the 
proper principles [of geometry], for example, whether the most 
beautiful of lines is the straight line, or whether it is opposite to the 
circular line, for this does not belong qua the proper genus of them, 
but qua something common.”’ 


DISCUSSION 

The heart of the argument (75b7—12) is italicized. A proof in one science 
cannot prove a conclusion in another because it “‘has the genus with which the 
demonstration i is concerned’’: all the terms appearing in its premises and conclu- 
sion belong to the same genus. Since different sciences have different genera, a 
demonstration whose terms all belong to the genus of one science cannot have a 
conclusion whose terms are from the genus of another science, and therefore its 
conclusion cannot be a proposition relevant to that science. 

Aristotle argues elliptically that all the terms in a proof belong to a single 
genus: ‘‘for if they are not per se, they will be accidents.’’ This depends on two 
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results of 1.6: that the premises and conclusions of demonstrations assert per se 
relations among the terms of the science’s subject genus and that a relation is 
accidental if and only if it is not per se.5 The argument therefore is that unless all 
the terms in a proof are from the same genus, it will contain terms related acci- 
dentally, not per se, and so will not be a demonstration. The argument against 
genus crossing is thus based on a claim that terms related per se are in the same 
genus. This doctrine is important for understanding both the nature of the subject 
genus and that of per se relations. But why should we accept it? Aristotle does 
not argue for it. Later in this chapter I shall consider reasons that may have led 
him to adopt it. 

A few examples make the point clear. Geometry cannot prove that the 
knowledge of opposites is single (b12-13). Presumably this is the job of meta- 
physics. Geometry cannot prove that two cubes are a cube (b13-14), that is, the 
arithmetical result that the product of two cubes is a cube: if x and y are whole 
numbers and a=x3 and b=y3 then ab=(xy)3.® Moreover, ‘‘cube’’ is a term in 
geometry as well as in arithmetic, and its difference in the two sciences is re- 
flected in the different definitions of the term and consequently in the different 
per se relations it has. The example thus calls attention to the importance of bas- 
ing proofs on the per se relations appropriate to the genus of the science in ques- 
tion. Geometry cannot prove whether the straight line is most beautiful (b18—19) 
because in this proposition the subject belongs to the genus of geometry but the 
predicate does not. From the point of view of geometry, aesthetic qualities are 
irrelevant, incidental (sumbebékota). Beauty does not belong to lines qua (geo- 
metrical) lines and is not proved to belong to lines from the proper principles of 
geometry. The same holds in the final example: the predicate ‘‘is contrary’’ ap- 
plies to geometrical objects not qua geometrical objects, but qua things that are 
(Onta).7 


THE SECOND CONSEQUENCE is that there is no master science that proves the prin- 
ciples of all the other sciences. 


I.9 76a16-23 ‘‘It is not possible to prove the proper principles of 
each thing,’ for they? will be the principles of all,° and the scientific 
knowledge [or, science] of them* will govern all things.* For indeed 
the person whose knowledge comes from the higher’ ‘‘causes’’ 
knows better,® since he knows from what is prior when he knows 
from ‘‘uncaused causes.’’ And so, if he knows better and best, that 
science [or scientific knowledge] will also be better and best. But 
demonstration does not apply to another genus.”’ 


NOTES ON TRANSLATION 

a. ‘‘Each thing”’ refers to each conclusion proved in a science (cf. 76a14). 

b. ‘‘They”’ refers to the (ultimate) principles on which are based the proofs 
of the proper principles of each thing. 

c. “Of all’’ (hapdnton) refers either to all the conclusions or to all the 
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conclusions plus the (first-level) proper principles on which the conclusions are 
based. It cannot refer to all the principles or all the sciences, which would require 
a feminine, not a neuter, form. 

d. ‘‘The scientific knowledge [or, science] of them’’ (epistémé hé ekefnon) 
means either ‘‘the [indemonstrable] scientific knowledge of the ultimate princi- 
ples’ (admitting indemonstrable epistémé as in I.3 72b18—20) or ‘‘the scientific 
knowledge based on the ultimate principles’ (although ex ekeindn would be ex- 
pected; cf. 75b38, 76a5, a7, al4, a19, etc.) or “‘the science to which they be- 
longed’’ (Mure). 

e. An alternative to ‘‘govern all things’’ (kuria pdnton) is ‘‘be authoritative 
over all things.’’ The reference of ‘‘all things’’ is the same as that of ‘‘all’’ (a17). 
See note c. The idea that knowledge of the principles of x governs x extends the 
ideas that conclusions depend on principles and that knowledge of conclusions 
depends on knowledge of principles (1.2). 

f. ‘‘Higher’’ is equivalent to ‘‘prior.’’ ‘‘Causes’’ are prior to conclusions 
dependent on them (I.2 71b31). Ultimate principles are higher causes than first- 
level proper principles. 

g. ‘‘Knows better’? means ‘“‘knows more fundamentally or more basi- 
cally.’’® 


DISCUSSION 

The nature of a master science is revealed at a17—22: (1) its principles will 
be principles for the conclusions as well as the principles of all other sciences, 
and (2) the conclusions of all other sciences and our knowledge of them will be 
founded on the principles of the master science and our knowledge of them. Ar- 
istotle argues for (1) by saying that the (ultimate) principles that prove the proper 
principles of each thing will be principles of all. The argument can be read as 
invalid: ‘‘the ultimate principles for proving one thing are the ultimate principles 
for proving all things.’’ But it can also be quite naturally interpreted as valid: 
“for each conclusion x in each science, there is a set of proper principles p,,. . . 
Px, On which x is based; let P be the union of the sets of all proper principles of 
all conclusions of all sciences. Then if it is possible to prove all members of P, 
each member y of P will be a conclusion of a proof based on a set of ultimate 
‘principles g,, . . . Gym- Let Q be the union of the sets of all ultimate principles. 
The members of Q will be the (ultimate) principles of all things.’’ All this would 
be difficult to express precisely in Greek, which perhaps accounts for the impre- 
cision of Aristotle’s language. 
Aristotle argues for (2) as follows: the ultimate principles are ‘‘uncaused 
causes,’’? so my knowledge based on them comes from prior or higher ‘‘causes,”’ 
and so I know better. Indeed, I know best, and the science with these ultimate 
principles as its principles is also better and best. The superlative is justified by 
the ultimate nature of the principles in question. There can be no better knowl- 
edge because nothing is more ultimate. Apparently, being based on ultimate prin- 
ciples and therefore being better and best makes the master science authoritative 
over the principles and conclusions of the other sciences. 
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The possibility of a master science is rejected at 76a22-—23 because ‘‘dem- 
onstration does not apply to another genus.’’ If one science proved proper prin- 
ciples of different sciences it would prove results concerning different genera, 
which is impossible. 


A THIRD CONSEQUENCE is that not all proofs are based on a single set of principles: 


1.32 88a31-36 ‘‘And there are not even the same principles for all 
true deductions, since the principles of many are different in genus 
and do not apply. For example, units do not apply to points, for the 
former do not have position and the latter do. But it is necessary for 
[the principles] to fit either into the middle or above or below, or for 
[demonstrations] to have some of their terms inside and others out- 
side.”’ 


DISCUSSION 

Despite the obscure final sentence,'° the argument clearly depends on the 
doctrines that different sciences have different genera and that there is no crossing 
from one genus to another in proofs. 


FOURTH, FOR THE same reason it is impossible to prove all conclusions by means 
of the axioms: 


1.32 88a36—b3  ‘“‘There can be no common principles from which 
all things will be proved. I mean common ones like the law of the 
excluded middle. For the genera of things are different and some be- 
long to quantities, others to qualities alone, with which they are 
proved through the common principles.”’ 


DISCUSSION 

The interpretation of this argument is uncertain because of multiple possi- 
bilities of interpreting several key terms and phrases. Does ‘‘all things’’ (a37) 
refer to proofs? conclusions? attributes? ‘“The genera of things’’ (b1) to subject 
genera of sciences? categories?’ Does ‘‘some . . . others’’ (b2) refer to ‘‘all 
things’’? ‘‘genera’’? ‘‘things’’? Or should it be interpreted as ‘‘principles’’ 
(Ross)? Does ‘‘with’’ (b3) mean ‘‘by means of’’? ‘‘together with’’? Does 
“‘which’’ (b3) refer to “‘some . . . others’’? “‘quantities, qualities’’? ‘‘the genera 
of things’’? In ‘‘they are proved’’ (b3) does the subject pronoun refer to “‘some 

. . others’’? Or to something to be supplied without reference to the previous 
clause? Or is the verb used impersonally (= ‘‘proofs are constructed’’)? 

A possible paraphrase is: “‘It is impossible to base the proofs of all conclu- 
sions on any common principles (like the law of the excluded middle) because 
the objects (subjects and attributes) of different sciences belong to different sub- 
ject genera. The objects of some sciences are strictly in the realm of quantities, 
those of other sciences strictly qualities, and proofs having to do with these ob- 
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jects, even if they make use of common principles, must also make use of facts 
about the quantities or qualities in question—about the subject genus of the sci- 
ence.”’ 

In any case, the point of the argument is clear. Common principles are 
insufficient to prove conclusions in particular genera. A conclusion in arithmetic, 
say, may depend on common principles, but it depends on arithmetical facts too, 
and the reason for this is the division of things into different genera. 


OTHER PASSAGES REJECT interpreting the thesis that all conclusions have the same 
principles as meaning that they can all be proved from the totality of principles 
of all conclusions. One such passage is this: 


1.32 88b17-21 ‘‘This is really stupid.* For neither in the well- 
known branches of mathematics® does this happen,° nor is it possi- 
ble in analysis.‘ For the immediate propositions* are principles, and 
a different conclusion occurs when an immediate proposition is 
added. But if someone should say that the primary immediate prop- 
ositions are principles,‘ there is one in each genus.”’ 


NOTES ON TRANSLATION 

a. What is ‘‘really stupid’’ is the notion that this is a reasonable interpre- 
tation of the thesis. 

b. ‘‘The well-known branches of mathematics’ probably refers to arith- 
metic and geometry, which are so prominent in APo I. 

c. *‘Does this happen’’ means ‘‘does it happen that conclusions are based 
on all the principles.’’ In the context this means that the proof of a given conclu- 
sion, say, that all triangles have 2R, does not employ all principles of arithmetic 
and geometry. It is also true that it does not employ all the principles of geometry. 

d. ‘‘Nor is it possible in the analysis’’ means that the wrongness of this 
interpretation is also shown by the procedure of analysis, where we find the proof 
of a proposition P by working back from P to unprovable propositions (princi- 
ples) that entail P.'* This procedure shows that P depends on some principles, 
but not on all. 

e. ‘‘For the immediate propositions’’ refers to the immediate propositions 
discovered by the analysis. 

f. ‘‘The primary immediate propositions are principles’ follows Ross’s 
emphasis and punctuation (p. 604). Aristotle is not repeating the view just ex- 
pressed (b18f.) but imagining his opponent as making a new point, and the ad- 
dition of prétas is the only difference. 


DISCUSSION 

The first two sentences of the passage contain three reasons against the 
interpretation. (1) Geometry, for example, does not depend on the totality of all 
principles of all sciences, only on those of geometry. (2) In analysis of particular 
geometrical propositions we always end up at geometrical principles, never with 
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any other principles. In fact, (3) analysis will end up at a limited set of geomet- 
rical principles. Barnes (p. 188) interprets as follows. If the analysis reveals that 
P depends on certain principles, the fact that P does not depend on ail principles 
is seen simply by tacking another immediate proposition (i.e., another principle) 
onto the end of the proof. This produces another conclusion, different from P, 
which depends on an additional premise, and so P does not depend on all prem- 
ises. But this interpretation begs the question: it needs to be proved that there is 
another principle that can be tacked on. I prefer the following interpretation. The 
analysis of two different propositions will reveal that they depend on different 
sets of principles,‘ although these sets may overlap. The minimal difference in 
principle-sets of different propositions will be that one contains the other and one 
more principle besides. It follows that at least one of the propositions does not 
depend on ail principles. 

The final sentence is not a separate argument,'+ but a defense of the thesis 
Aristotle has just refuted, followed by Aristotle’s refutation of the defense. The 
summary at b2I—23 shows that only two views have been dealt with (b11I-15, 
b15-21). The opponent suggests that there are primary immediate principles that 
are the principles he meant—the principles that entail the first-order principles 
and all the conclusions derived from them. Aristotle’s reply is emphatic.'5 He 
effectively refutes the suggestion by noting laconically that however these pri- 
mary immediate principles are selected, there will still need to be one (anyway) 
in each genus. The doctrine of no crossing from one genus to another still applies: 
even if you reduce the principles to the smallest possible number, there must still 
be at least one in each genus, and a conclusion in one genus is independent of 
proofs, conclusions, and principles (no matter how chosen) in other genera.'® 


A MODIFIED VERSION of the ‘‘really stupid’’ interpretation is refuted shortly be- 
low: 


1.32 88b23-29 ‘‘The principles of all things are related,* but dif- 
ferent conclusions are proved from different groups of principles. 
But it is clear that this too is impossible, for it has been shown that 
the principles of things that are different in genus are different in 
genus. For the principles are of two kinds: ‘from which’ and ‘con- 
cerning which’; those ‘from which’ are common, those ‘concerning 
which’ are proper, for example, number, magnitude.”’ 


NOTE ON TRANSLATION 

a. ‘‘Related’’ (sungeneis) means ‘‘co-generic,’’ in the same genus. The 
suggestion is that there is a single super-genus, which includes all the genera of 
the different sciences. 


DISCUSSION 
Aristotle’s opponent retorts cleverly to the argument at 88b17—21. Aristotle 
has proved too much. Mathematical analysis shows not only that a given conclu- 
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sion does not depend on all principles of all sciences, but also that it does not 
even depend on all the principles of any single science. But that is no reason to 
carve a science up into as many sciences as there are conclusions, each with its 
own set of principles. Principles are principles of the conclusions that depend on 
them, but are also principles of a science, and a given principle does not need to 
be used in all the proofs of the science. Aristotle would agree so far, but the 
opponent presses the point farther. Since a proposition may be a principle of a 
science without being a principle for all proofs in the science, all demonstrative 
knowledge can be considered as a single science, including among its principles 
the principles Aristotle would call proper to geometry, arithmetic, and so on. The 
proposition that all triangles have 2R will not depend on principles having to do 
with numbers, but that is no different from its not depending on principles having 
to do with (say) similar figures. Aristotle refutes this view (b26—27) by asserting 
“‘the principles of things that are different in genus are different in genus’’—a 
consequence of his view that all the terms in a demonstration belong to the same 
genus (I.7 75b3-12, discussed earlier in the present chapter). Therefore all the 
principles in a proof belong to'? the same genus, and so if conclusions belong to 
different genera, so do the terms in their proofs, and hence so do the principles 
of the proofs. 

The last sentence contains some difficulties,'* but clearly its purpose is to 
identify principles that do differ in genus. Aristotle invokes his views on different 
kinds of principles, granting that some principles are common but insisting that 
there are also proper principles concerned with the subject genus of a single sci- 
ence. He mentions number and magnitude as examples of different subject gen- 
era, and we are to understand that the definitions and existence claims for things 
belonging to those genera are the proper principles he means. 


The Composition of the Subject Genus 


Although Aristotle’s general line on the subject genus is clear, a number of prob- 
lematic passages must be examined in order to sharpen our understanding of it. 
First I shall consider a group of prima facie conflicting statements about the na- 
ture of the subject genus. The genus of a science is said to be (1) a single generic 
nature (e.g., number, spatial magnitude [mégethos]); (2) the individuals or types 
that embody the generic nature (numbers, magnitudes); (3) the subjects (or prim- 
itive subjects); (4) the per se attributes, perhaps together with the derivative sub- 
jects or all the subjects. Moreover, we are told that (5) the genus has per se 
attributes; (6) the conclusion of a demonstration belongs per se to some genus; 
(7) all terms in a demonstration must come from the same genus; (8) principles 
and conclusions are in the same genus; (9) a science “‘brings its proofs concerning 
a genus.”’ 

EVIDENCE FOR (1): (a) I.10 76b16—19: ‘Nothing prevents overlooking 
some of these, for example, not hypothesizing that the genus exists, if it is clear 
that it exists. For it is not equally clear that number exists and that cold and hot 
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do.’’ (b) I.10 76b21-22: ‘‘Nonetheless, these things are by nature three: that 
concerning which the science forms its demonstrations, what it demonstrates, and 
the things from which it demonstrates.’’ (c) 1.32 88b26—29: ‘‘The principles of 
things that are different in genus are different in genus. For the principles are of 
two kinds: “from which’ and ‘concerning which’; those ‘from which’ are com- 
mon, those ‘concerning which’ are proper, for example, number, magnitude.”’ 

DISCUSSION: (a) indicates that nurnber is a genus. (b) refers to the genus as 
“‘that concerning which,’’'? and (c) identifies number and magnitude as ‘‘that 
concerning which.’’ These passages present problems too. Surely hot and cold 
are attributes of physics, whose genus is elsewhere described as ‘‘substance in 
which the principle of motion and rest is in itself’? (Met. E.1 1025b19-21). At 
best, then, (a) shows that one way of thinking of the genus is as a single generic 
nature. The construction of passage (c) is not clear (see discussion of that passage 
in Chapter 3 above). 

EVIDENCE FOR (2): (a) I.10 76a42—b2: ‘‘Each of these is sufficient so far as 
it is in the genus, for it will do the same even if [the geometer] does not assume 
it [as holding] of all things, but only for magnitudes, and for the arithmetician [it 
is assumed as holding] for numbers.’’ (b) I.7 75b3-6: ‘‘In cases where the genus 
is different, as in arithmetic and geometry, it is not possible to apply an arith- 
metical proof to the accidents of magnitudes (unless the magnitudes are num- 
bers).”’ 

EVIDENCE FOR (3): (a) 1.10 76b12—13: ‘‘As many things as are posited to 
exist (these are the genus . . . ).’’ (b) I.7 75a42—b2: ‘‘the subject genus whose 
attributes, that is, per se accidents, the demonstration reveals.”’ 

DISCUSSION: (a) can be taken either as referring to the primitive subjects or 
to all the subjects of the science.?° If we take (b) as shorthand for the view that 
proofs show that attributes belong per se to subjects, then Aristotle is identifying 
the genus with all the subjects, not a privileged subset of them. 

EVIDENCE FOR (4): (a) 1.28 87a38-39: ‘‘A single science is the science of 
a single genus—all the things that are composed of the primary things and are 
parts or per se attributes of these.”’ 

DISCUSSION: ‘‘All the things . . . ’’ identifies the genus. It includes the per 
se attributes ‘‘of these.’’ It is not clear what ‘‘of these’’ refers to (‘‘all the things”’ 
or ‘‘the-primary things’’ or both), what ‘‘the primary things’’ are, and how things 
are composed of the primary things. I interpret “‘the primary things’’ as primitive 
subjects, ‘‘all the things composed of the primary things’’ as derivative subjects, 
and ‘‘of these’ as referring to both primitive and derivative subjects; so the genus 
consists of the derivative subjects and the parts and per se attributes of all the 
subjects. Primitive subjects are presumably in the genus too.** Whether the 
“‘parts’’ are the per se attributes? or are component parts or species is not clear. 
In any of these ways they will be subjects or attributes of the science. 

EVIDENCE FOR (5): (a) I.10 76b13: ‘‘The genus whose per se attributes the 
science investigates.’’ (b) 1.7 75a39—b2: “‘There are three things in demonstra- 
tions: (1) what is demonstrated, the conclusion (this is what belongs per se to 
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some genus) . . . (3) the subject genus whose attributes, that is, per se accidents, 
the demonstration reveals.’ 

EVIDENCE FOR (6): (a) I.7 75a40—41: ‘‘The conclusion (this is what belongs 
per se to some genus).”’ (b) 1.6 75a28—29: ‘‘All things that belong per se and as 
such belong of necessity concerning each genus.”’ 

DISCUSSION: (b) can be taken as saying ‘‘concerning each genus, things that 
belong per se and as such to some subject belong to that subject of necessity ,’’ so 
that “‘concerning each genus’”’ is used generally and not closely with ‘‘belong of 
necessity.’ But in view of (6a) and (5), it can also be taken as saying ‘‘all things 
that belong to each genus per se and as such belong necessarily to it.’’?3 

EVIDENCE FOR (7): (a) I.7 75b10: “‘For the extremes and the middles must 
be from the same genus.”’ 

EVIDENCE FOR (8): (a) 1.28 87b2-4: “‘It is necessary for them [the inde- 
monstrable premises] to be in the same genus as the things that have been dem- 
onstrated. An indication of this is when the things proved through them are in the 
same genus and co-generic.”’ (b) I.9 76a8-9: ‘‘It is necessary for the middle to 
be in the same genus.”’ 

EVIDENCE FOR (9): (a) I.11 77a24-25: ‘‘By ‘for the genus’ I mean the genus 
concerning which [the science] brings its proofs.’ 

DISCUSSION: By this odd phrase Aristotle seems to express some or all of 
the points covered in (6)-(8). 


THERE IS NO need to think that Aristotle spoke at random in characterizing the 
subject genus. Many of these statements are closely related. Statements (5), (6), 
(8), and (9) should be understood as consequences of (7). Also the tendency not 
to distinguish carefully between, on the one hand, things (subjects, attributes) in 
(1)-(5) and, on the other hand, terms or propositions in (6)-(9) is characteristic 
of Aristotle. 

The chief remaining differences can be played down as well: viewing the 
genus as a single nature, as the things embodying that concept, as the subject (or 
primitive subjects), as the subjects and their per se attributes, and as including 
principles and conclusions come to much the same thing. For example, saying 
that geometry is the study of spatial magnitude is shorthand for saying that it is 
the study of spatial magnitudes, since geometry studies the kinds of magnitudes 
and the relations among them. Moreover, the magnitudes it studies can be re- 
garded as the subjects of its proofs or as the subjects and their per se attributes 
that it proves to belong to them. Saying that geometry is the study of points, lines, 
triangles, squares, and so on (or of the point, the line, and so on) is no more 
correct than saying that it is the study of points, lines, and so on together with 
their attributes straight, isosceles, and so on. It is not even unreasonable to say 
that geometry is the study of points, lines, and circles (supposing that these are 
the primitive subjects from which all other subjects are derived),*4 or that it treats 
the principles and/or the conclusions concerning its subjects and attributes. All 
these are legitimate interpretations of the most general description of the subject 
genus, ‘‘what the science is about.”’ 
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But what are we to make of assertions that attributes and conclusions be- 
long per se to the genus? (See evidence for [5] and [6].) Possibly this is a loose 
way of saying that attributes belong per se to subjects in the genus?5 and that a 
conclusion states a per se relation holding between an attribute and a subject in 
the genus. But they can be given a reasonable interpretation as they stand, which 
points to a view of the subject genus that illuminates the general theory of sci- 
ence:?® 

When the genus is identified as the subjects, attributes, principles, conclu- 
sions, and so on, we tend to think of it as a collection of items. But we must keep 
in mind that it is a highly structured collection. Listing its contents represents its 
nature inadequately. The items are related to each other in various ways, which 
the proofs of the science reveal. The genus is better viewed as a network of sub- 
jects and attributes than as an unordered set. The links among the subjects and 
attributes are the immediate and nonimmediate per se relations that hold among 
them. The principles state which links are primary, and the proofs show that and 
how the derivative links depend on the primary ones. 

A demonstrative science explicates the network that is its subject genus. In 
establishing facts about the subjects and attributes in a genus, the proofs also 
establish facts about the genus and so provide scientific knowledge about it. 
Knowledge that triangles have 2R is knowledge about spatial magnitude as well 
as about triangles (and the attribute 2R). Except perhaps for the definition of the 
generic nature (e.g., number) there are no other scientific facts aside from facts 
having to do with the subjects and attributes that belong to the genus. Moreover, 
it seems unlikely that the definition of the generic nature will appear as a principle 
of any demonstration. The same is true for a hypothesis that the generic nature 
exists. It is not even clear whether such existence claims are intended.7 

On this interpretation, attributes and conclusions do belong per se to the 
genus. As we shall see,?* a per se relation between a subject and an attribute is 
one that is due to their nature. But just as, for example, the fact that triangles 
have 2R is due the natures of the triangle and of the right angle, it is also due to 
the nature of spatial magnitude.9 If the genus is a structured network of subjects 
and attributes, their per se relations are part of the nature of the network: if a 
subject had different per se relations it would be a different subject (Euclidean 
triangles are different from Riemannian triangles) and the network would be dif- 
ferent. Thus to speak of attributes and conclusions as belonging per se to the 
genus, of demonstrations as revealing per se attributes of a genus, and of a sci- 
ence as investigating the per se attributes of its genus is only a slight extension of 
the more strict uses of ‘‘per se’’ discussed in I.4 and is a reasonable way to 
express the role of those facts and propositions in the science as a whole. 


Interpretations of the Subject Genus 


Finally, what philosophical justification might Aristotle offer for his view that 
sciences have distinct subject genera? The text contains no positive argument on 
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this issue, so I will approach the question by considering whether the concept of 
subject genus is related to some firmly entrenched area of Aristotle’s philosophy. 
If it is, we may conclude that the concept of subject genus is not ad hoc, but is of 
a piece with his larger metaphysical view. The parts of his philosophy I shall 
discuss are his doctrines on genus and species and his view that what is (td 6n) 
has genera. 

First, did Aristotle think of subject genera as genera articulated according 
to a genus/species division, as commentators frequently think?3° On this view, 
the subject genus (e.g., spatial magnitude) is the summum genus of the science, 
and its species are the subjects of the science (e.g., point, line, triangle). The 
definitions, which are the source of the per se relations of the science, will be in 
the form of genus plus differentia. 

A number of considerations favor this suggestion. The subjects of demon- 
strative sciences are not particulars, but, like species, universals (see, e.g., 1.31 
87b28—39). Also, Aristotle’s belief in natural kinds and natural subdivisions of 
those kinds into species may remind us of the natural groupings of things into 
subject genera of sciences and the natural constitution of those subject genera out 
of the subjects of the science. The subject genus also has the logical relations to 
the subjects of the science that genera have to their species: the subject genus and 
its definition are predicable of them but not vice versa, it applies to all particulars 
to which the different species apply, and so on.3! Further, it separates its subjects 
from everything else (Top. V1.3 140a27—-28) and is not an accident of its subjects 
(Top. V1.6 144a24-25). 

Moreover, this interpretation explains how things related per se are in the 
same genus.3? As I.4 and 1.6 make clear,33 things related per se are such that one 
is part of the essence of the other or is a consequence of the other’s essence. Since 
the essence of something is stated in its definition and since Aristotle defines a 
species in terms of its genus and specific difference, every member of the subject 
genus (except the summum genus) is defined in terms of another member of the 
subject genus and so is related per se to it. Also, the only things related per se to 
members of a subject genus are other members of it, and every member (includ- 
ing the summum genus, which appears in some definitions) is related per se to 
others. The present interpretation of a subject genus thus entails that things re- 
lated per se are in the same subject genus—as long as the only ‘‘things’’ under 
consideration are subjects. 

One objection to this interpretation is that a single science may cover more 
than one genus, as biology covers all genera of animals. But Aristotle will call a 
single thing now a genus, now a species, depending on whether he is considering 
it as a class containing subdivisions or as itself a subdivision of a wider class.3¢ 
This flexibility means that not everything that can be called a genus can be a 
subject genus of a science, but it does not mean that the subject genera of sciences 
are not genera. 

This flexibility can be applied to the subalternate sciences. The subject gen- 
era of geometry and arithmetic are plausibly described as species of quantity, 
which could be the genus of universal mathematics, which Aristotle occasionally 
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mentions.35 We might also think (less plausibly) that the subject genus of optics 
(visible lines) is a species of the genus of geometry.%° 

A more serious objection stems from difficulties in arranging the subjects 
of a science into a taxonomic chart with the subject genus as summum genus. In 
geometry, figure might be divided into triangle, quadrilateral, and so on, but this 
would involve an infinite number of members of a single division, a situation that 
might well cause serious doubts about the legitimacy, as well as the intelligibility, 
of the division. In biology not only the species of animals but their parts will be 
subjects in the subject genus, but parts of animals have no place in a genus/ 
species chart. 

More seriously still, there is no room in a genus/species arrangement for 
the per se attributes, so this interpretation of the structure of the subject genus is 
incompatible with evidence that the genus contains attributes as well as subjects. 

Also, the ordering that the proofs of a science reveal is not identical with 
genus/species ordering. The primitive subjects (e.g., units, or points, lines, and 
circles) are not the genus concept, and the existence proofs for derivative subjects 
do not in general argue from species to genus or vice versa. Also, many of the 
relations proved to hold among subjects (e.g., that any rectilinear figure can be 
broken into triangles, or that a square can be constructed equal in area to any 
given rectilinear figure) are not reflected in a genus/species arrangement. 

Finally, since nothing in the theory of demonstrative science requires that 
subject genera have genus/species structure, and since there is clear evidence that 
a subject genus contains more than just its subjects, we must concede that Aris- 
totle’s conception of subject genera is different in origin, purpose, and nature 
from his conception of genus/species hierarchies. 

The other possibility is to connect the view that different sciences have 
different subject genera with the doctrine that ‘‘being falls immediately into gen- 
era.’’37 Here the answer is a qualified affirmative. Immediately after the statement 
just quoted, Aristotle says, “‘for which reason the sciences too will correspond to 
these genera.’’3* 

We must read these statements with care. Aristotle does not say there is a 
science for every genus of being, and although his words may be so interpreted, 
they are best taken as meaning that each science corresponds to some natural 
division of reality.39 The genera into which being immediately falls are probably 
the categories,*° but there is no hint of a doctrine that there is one science for 
each category.*' Rather, there are sciences of some of the genera into which the 
categories fall,4* as physics is the science of a large genus of substances: ‘‘sub- 
stance in which the principle of motion and rest is in itself’? (Mer. E.1 1025b19— 
21). Similarly, geometry is the science of magnitude, which is defined as a spe- 
cies of quantity (posdn metrétén, Met. A.13 1020a9) and number, the genus of 
arithmetic, is defined as ‘‘limited plurality’’ (pléthos to peperasménon, Met. 
A.13 1020a13), where plurality is a species of quantity (posdn arithmétén, 
Met.A.13 1020a8-9).43 This view is supported by statements that sciences carve 
off or delimit some part of being and investigate it (Met. [.1 1003a24—25, E.1 
1025b8-9). 
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The view that subjects of sciences are natural divisions of what there is also 
provides a way to ensure that all subjects and attributes related per se to one 
another are in the same genus (see discussion of I.7 75a38—b20 earlier in the 
present chapter). In investigating a subject genus, a science investigates the sub- 
jects of that genus qua belonging to that genus. The same thing may be treated 
by more than one science. For example, man is treated qua a thing-that-is by first 
philosophy, qua a substance whose principle of motion and rest is in itself by 
physics, and qua an animal by biology. The attributes of man treated differ from 
science to science,“ depending on which are relevant to understanding man qua 
member of the subject genus in question. To consider a subject qua member of a 
given subject genus is to consider its (nonaccidental, per se) relations to certain 
attributes. Thus, just as the subjects of a science are naturally related by virtue of 
being in the same natural division of things-that-are, a subject of a science is 
naturally related to its per se attributes in that it has those attributes qua belonging 
to the subject genus of the science. 

On this account we can have it both ways. The subject genus of a science 
considered as a division of things-that-are is the collection of subjects of the sci- 
ence, but the things-that-are considered as belonging to the subject genus are 
things-that-are considered in a certain way, as subjects concerning which it is 
relevant to investigate whether certain attributes belong per se to them, and irrel- 
evant to investigate whether others do.45 The attributes can count as parts of the 
subject genus since it is the nature of a thing’s relation to the attributes that deter- 
mines whether that thing belongs to the subject genus. 

The importance of the subject genus as the principle of identity and indi- 
viduation for sciences can hardly be overstated. It is what guarantees the inde- 
pendence of sciences from one another** and what confutes the possibility of a 
master science.‘7 The doctrine of separate genera is normally and surely rightly 
interpreted as a rejection of Plato’s view** that the science of Ideas can establish 
principles for geometry and other sciences‘? starting from the Idea of the Good.5° 
But its significance is more than historical. It declares the unity of science and 
scientific knowledge to be a myth and proclaims specialization, not empty gen- 
eralization, to be the key to scientific progress.5' At the same time, the theory of 
demonstrative science is a theory of the unity of science at a second level. Despite 
their differences in subject matter, all sciences have the same types of principles 
and proofs. All the different genera of things are susceptible to the same treat- 
ment. 

As the basis of the separation of sciences, the subject genus is also the basis 
of the proper principles of each science: the definitions of the subjects and attri- 
butes that make up the subject genus and existence claims for some or all of the 
subjects. Before taking up these types of principles, I will discuss the areas in 
which sciences are not wholly independent of one another: the subordinate sci- 
ences and the common principles. 


The Subordinate Sciences 


CHAPTER V 


THE SUBORDINATE SCIENCES are the only exception to the general prohibition 
against genus crossing in proofs. They are first mentioned in connection with this 
rule, and they recur several times in APo I, usually as exceptions to or special 
cases of general claims about demonstrative sciences. APo 1.7, 1.9 76a4-15, and 
1.13 78b32—79a16 provide most of the information needed to understand the na- 
ture of the subordinate sciences, although other passages, especially I.27, are 
relevant too, together with surviving scientific treatises (such as Euclid’s Op- 
tics). 

That the subordinate sciences are important for Aristotle is clear from his 
argument for the claim that there is no genus crossing in demonstrations (1.7), 
which is written with those sciences very much in mind. 


I.7 75a38-b20. (This passage is translated in Chapter 4 above.) If the 
terms in a proof do not come from the same genus, they will not be related per 
se, and so the conclusion can only be accidental and therefore not scientific. But 
there are exceptions to this rule. Geometry somehow proves facts in optics, yet 
optics is a separate science. The subordinate sciences thus threaten the doctrine 
of the subject genus, according to which if geometry proves results in optics, 
geometry and optics have the same genus, which means that they are the same 
science, whereas if they are different sciences, then geometry cannot establish 
optical facts. 

Aristotle needs to establish some intermediate status between identity and 
complete separation of the sciences, and he does so with what seems to be a 
waffle: the subject genera of the two sciences are not ‘‘the same without qualifi- 
cation,’’ but are ‘‘somehow the same,”’ so that optical proofs and geometrical 
proofs have terms from the same genus, and the conclusions of geometrical 
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proofs can apply to optics. But this is less a solution than a promise of a solution, 
and Aristotle’s hesitation on the matter is indicated by a straightforward assertion 
that the subject genus of harmonics is different from that of arithmetic (I.9 
76a12).? 

He needs to explain how genera can be the same in a qualified way, and 
although some of what he says about subordinate sciences helps one understand 
their partial identity, the picture does not come clear until we look beyond the 
Aristotelian material. Euclid’s Optics shows that the science of optics was the 
general study not of vision but of the geometrical properties of visual sensation 
abstracted from all other aspects, that is, vision qua geometrical. Optics studies 
geometrical properties of visual lines, and optical properties, such as how large 
different objects appear, depend on geometrical properties, such as how large an 
angle they subtend in the visual field. Visual lines are not identical with geomet- 
rical lines. Lines as treated by geometry (lines qua geometrical, geometrical 
lines) are treated without reference to their material nature (1.13 79a9), but in the 
case of optical lines (lines qua visual, visual lines) the ‘‘material’’? nature is not 
ignored. Thus the subject matter is different. But since optics studies the geo- 
metrical aspects of visual lines, the manner of treatment is geometrical. 

What this means in practice is made clear by the proofs in the Optics. A 
proposition about visual properties is stated as a theorem (‘‘A appears larger than 
B’’). Then a strictly geometrical proof follows, leading to a strictly geometrical 
conclusion (‘‘A subtends a larger angle than B does’’). Finally, this result is ap- 
plied to the subject matter of optics by means of ‘‘bridge principles’ (*“Things 
seen under a larger angle appear larger’’).4 

Geometry can be invoked because the items in the subject genus of optics 
are in the genus of geometry too. Visual phenomena as well as physical objects 
are treated by geometry, when their geometrical properties are abstracted from 
the various kinds of matter in which they occur. Also, the properties abstracted 
for the sake of geometry are largely the same as those abstracted for geometrical 
optics (the only exceptions being the optical properties having to do with spatial 
appearance). Visual lines are susceptible to geometrical treatment because they 
are geometrical lines—not all geometrical lines, but certain ones, and those lines 
qua visible, that is to say qua having their geometrical properties and their visual 
ones as well. This compound nature is allowed because the two types of proper- 
ties are related. Geometrical ones are the grounds for visual ones. The reason 
why A appears larger than B is that A subtends (and so is seen under) a larger 
angle than B. Hence the legitimacy of the bridge principles, which amount to 
rules for interpreting geometrical facts optically. These are the only principles 
used in optical proofs that are not also principles of geometry. 

Thus Aristotle can say that conclusions in a superior science and in a sub- 
ordinate one are proved from the same principles (1.12 77b1—2) and that their 
principles have the common nature needed for proofs to cross genera. Thus he 
can also say that conclusions in a subordinate science are proved in the same way 
as those in its superior science, but that there is a difference in that the fact (6 
hoti) is in the province (subject genus) of the subordinate science, while the su- 
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perior one provides the explanation (to dihdti) in terms of relations that hold per 
se among ifs subjects and attributes (I.9 76a10-13). Euclid’s Optics therefore 
enables us to understand the most important features of the relation between su- 
perior and subordinate sciences. 

One other feature of subordination is mentioned in the main discussion of 
the way a superior science provides the explanation of the facts treated by a sub- 
ordinate one: 


1.13 79a4-6 ‘‘Often the practitioners of the superior science do 
not know the fact, just as people who investigate the universal fre- 
quently do not know some of the particulars through lack of obser- 
vation.”’ 


DISCUSSION 

Aristotle is not faulting the geometer for failing to notice facts of optics he 
should have noticed. The context shows that the point is that the geometer qua 
geometer does not investigate facts of the subordinate science. Geometry’s brief 
is to discover and prove geometrical facts, not to apply them. Geometrical results 
apply elsewhere,> but other sciences make the applications. 


THE PASSAGE SUGGESTS without entailing that the superior science is more general 
than the subordinate one, which means that its subject genus extends more 
widely. This can be true in two ways. First, some of the subjects and attributes 
treated by the superior science are irrelevant to the subordinate one (the geometry 
of the circle may be irrelevant to optics). Second, the subordinate science treats 
only one possible application of the superior science. Optics deals with visual 
lines, but mechanics may concern itself with lines qua having weight.® The sec- 
ond way is of special interest because it points toward a different kind of relation 
among sciences than Aristotle seems to have considered, and one that enables us 
to subsume the doctrine of common principles under the doctrine of subordinate 
sciences.7 

This relation is found in modern abstract algebra, a number of whose 
branches can be arranged in order of generality: set theory, group theory, ring 
theory, and field theory.* Groups are defined as sets with certain additional prop- 
erties, rings as groups with additional properties, and fields as rings with addi- 
tional properties. Any property of sets holds for groups, rings, and fields too; any 
property of groups holds for rings and fields; and any property of rings also holds 
for fields. Proofs in one branch of algebra may make use of principles and con- 
clusions of more general branches, but not vice versa. 

Now Aristotle’s account of the relation between superior and subordinate 
sciences describes some features of the relation between a more and a less general 
branch of abstract algebra. The genera are different, but the same ‘‘in a way.”’ 
The principles of the more general branch are among those of the less general 
branch; also, the conclusions of a more general branch can be used in proofs of 
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theorems falling under a less general one, although the more general science does 
not investigate the theorems of the less general one. 

There are also differences between the two cases. Since proofs in less gen- 
eral branches of algebra frequently make substantial use of the principles that 
distinguish them from more general branches (unlike proofs in the Optics, which 
use the special principles of optics only to apply a geometrical result to the subject 
matter of optics), it is wrong to say that the more general branches provide the 
explanation of the facts of less general branches. Also, Aristotle’s description of 
subordinate sciences as ‘‘perceptual’’ (aisthétikdn) as opposed to the ‘‘mathe- 
matical’’ (mathématikén) superior sciences (1.13 79a2—3) does not hold. 

Nevertheless, the relations among these areas of mathematics are closely 
related to those between superior and subordinate sciences, and the modifications 
in the theory of subordination needed to accommodate them are minor and may 
have been dimly perceived by Aristotle himself.° 

These subtleties apart, the nature of subordination even as it stands is im- 
portant to the theory of demonstrative science. It has the dual advantages of mak- 
ing the theory applicable to several existing disciplines and doing so in a way 
congenial to Aristotle’s views on the nature of abstract entities. The doctrine of 
qualified identity of subject genera thus both solves the problem that evoked it 
and finds firm roots in Aristotle’s metaphysics. It is a corollary, however, and not 
one of the central ingredients of the doctrine of APo. 


Axioms or 


Common Principles 


CHAPTER VI 


SCIENCES ARE INDEPENDENT of each other since they have different subject gen- 
era. A science’s subject genus provides the subjects and attributes it investigates, 
and these are its own concern. Definitions and existence claims for these things 
are proper principles and contain in latent form all the content of the science, 
which its proofs explicate. But just as the absolute separation of subject genera is 
violated by the subordinate sciences, so the rule that different sciences have dif- 
ferent principles is broken by a certain class of principles. 

The ‘‘common”’ principles are with us from the beginning of APo. The law 
of the excluded middle is cited in I.1 (71a14) as an example of one kind of prior 
knowledge needed for scientific knowledge. Similarly, the passage in I.2 (72a14— 
24 translated above in Chapter 3) that identifies the kinds of principles describes 
an axiom as ‘‘an immediate deductive principle . . . which it is necessary for a 
person to have if he is going to learn anything at all,’’ and sets axioms apart from 
other kinds of principles. Definitions and hypotheses, called ‘‘theses’’ (théseis), 
are ‘‘not necessary for a person to have if he is going to learn anything.’’ This 
distinction points to the contrast between axioms as ‘‘common’’ and other prin- 
ciples as ‘‘proper’’ that is made later on. In I.7 we learn that axioms can be the 
same in different sciences (75b2—3),' an indication of their special nature, which 
I.10 elaborates, again distinguishing them from proper principles and calling 
them ‘‘common.”’ 


I.10 76a38-b2 ‘‘common, but common by analogy, since a thing 
is useful insofar as it is in the genus that falls under the sci- 

ence. . . . For example, the principle that if equals are subtracted 
from equals the remainders are equal. Each of these is sufficient 
insofar as it is in the genus. For it will do the same even if [the ge- 
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ometer] assumes it [as holding] not for all things, but only for mag- 
nitudes, and for the arithmetician [it is assumed as holding] for 
numbers.”’ 


Like I.7 (75a39ff.), 1.10 identifies axioms as one of three ingredients needed for 
a demonstrative science (76b11Iff.)? and stresses their ‘‘common’’ nature.? Fi- 
nally, I.11 discusses their role in proofs. 


I.11 77a10—13 ‘‘No demonstration assumes the law of noncon- 
tradiction except when it is necessary to prove the conclusion too in 
that way. It is proven by assuming that the first term is true of the 
middle and that it is not true to deny it [of the middle].”’ 


The law of noncontradiction will not appear as a premise of a demonstration 
unless the conclusion is of the form ‘‘A is B and not not-B.’’4 


I.11 77a22-25 ‘‘Reductio ad impossibile demonstration assumes 
the law of the excluded middle, and these [i.e., the law of the ex- 
cluded middle and the law of noncontradiction] are not always [as- 
sumed] universally, but so far as is sufficient, sufficient for the ge- 
nus. By ‘for the genus’ I mean the genus coricerning which [the 
science] brings its proofs.”’ 


Other passages of APo | refer to the axioms, but do not add anything of impor- 
tance.> 

The data on which to base an interpretation of Aristotle’s view of the nature 
and role of axioms is meager: three examples—the law of noncontradiction 
(LNC), the law of the excluded middle (LEM), and the principle that if equals 
are subtracted from equals the remainders are equal (EQUALS)—and a number 
of assertions that seem incompatible with other views on the structure of sciences 
and do not even fit all three examples. 

Interpretations vary widely, commentators tending to take two tacks. Some 
focus on some but not all of the examples and statements, and either ignore the 
difficulties presented by the rest or attempt with limited success to squeeze the 
rest into the mold. Others supplement Aristotle’s statements, and typically claim 
that there are two or more different kinds of axioms, but sometimes fail to distin- 
guish between what Aristotle actually says and what they believe his doctrine 
demands.° My approach is to determine the distinctive role axioms play in de- 
monstrative sciences and evaluate the evidence from that perspective. It will turn 
out that all the examples and almost all the statements can be accommodated by 
a single coherent interpretation. 

The feature most frequently associated with axioms is that they are com- 
mon (koind); axioms are principles of more than one science.? LNC, LEM, and 
EQUALS apply to both numbers and spatial magnitudes, and so have a place in 
both arithmetic and geometry. 
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But beyond this, EQUALS seems to have little in common with LNC and 
LEM. LNC and LEM apply everywhere, whereas EQUALS applies only in the 
category of quantity,* a limitation that violates the statement that an axiom is 
something a person must have in order to learn anything at all (I.2 72a16~-17).° 
Further, LNC and LEM are basic laws of thought, which are presupposed in 
reasoning and regulate it, but are not frequently used as premises of arguments,'° 
whereas EQUALS, according to Aristotle, is standardly employed in demonstra- 
tions as a premise. If we want to infer syllogistically that C = F, given that A — 
B=C,D -E=F,A =D, andB = E, the principle EQUALS appears as the 
major premise: 


Equal belongs to the remainders of equals subtracted from equals. 
C and F are the remainders of equals subtracted from equals. 
Therefore, equal belongs to C and F; that is, C = F."" 


The regulative role of LNC and LEM is frequently thought to be distin- 
guished from the role of axioms as premises by the preposition did, ‘‘through,”’ 
‘in accordance with’’—as opposed to ek, ‘‘from’’—in the statement that proof 
proceeds ‘‘through or in accordance with the common principles’’ (I.10 76b10, 
1.32 88b3)."? 

These differences admitted, LNC and LEM still have important similarities 
to EQUALS. Aristotle calls them all (1) principles of demonstrations (I.2 72a14— 
17)'3 and (2) ‘‘common,”’ used in more than one science (e.g., 1.10 76a38); so 
they are (3) distinct from the ‘‘proper’’ (fdia) principles, which depend on the 
subject genus specific to the science (I. 10 76a38; also see p. 50 above). Further, 
(4) knowledge of them is prerequisite for all learning (I.2 72a16~—17), and (5) all 
sciences use them (I.11 77a26-27). So far we have seen that (1), (2), and (3) 
hold of ‘‘categorial’’ principles like EQUALS, and (2), (3), (4), and (5) hold of 
the “‘transcendental’’ principles like LNC and LEM." 

But (1) holds for LNC and LEM too. For Aristotle states that the transcen- 
dental principles can be premises in proofs.'s Commentators are more struck by 
the statement that LNC and LEM occur as premises only in special circumstances 
(1.11 77a10—25) than by the admission that they can be premises at all. Given 
that they can be, they can only be common principles. 

Moreover, categorial principles are (like the transcendental ones) prereq- 
uisite for learning. EQUALS is fundamental to thought respecting quantities, and 
understanding it is prerequisite for learning arithmetic or geometry. This point 
can be made in two ways. First, EQUALS has a ‘‘regulative’’ function in dem- 
onstrations concerned with quantities, in that it and the other quantitative axioms 
are principles in accordance with which demonstrations are organized, which 
guide the strategy of proofs, and which affect the choice of propositions to be 
proved. Second, they are an essential part of our understanding of the nature of 
quantity (and therefore of numbers, etc.). Without a grasp of them a person’s 
knowledge of quantity will be fundamentally undermined. Just as a person who 
did not know how to use LNC could not make proper sense of propositions, so a 
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practical understanding of the axioms of quantity is needed to make proper sense 
of propositions about quantities. 

Admittedly EQUALS is less general than LEM and LNC, and fails to sat- 
isfy (4) and (5). However, I shall argue that the most important feature of axioms 
is that they are used in more than one genus, but not all, so that claims of their 
universality may be discounted. Moreover, after calling axioms ‘‘necessary for a 
person to have if he is going to learn anything at all,’’ I.2 continues, ‘‘for there 
are such things. For we are accustomed to apply the name especially to such 
things’? (72a17-18), as if other things called axioms were not so widely 
applicable'°—a hint that (4) and (5) are not absolute requirements. 


The Analogical Nature of Axioms 


Principles applicable to more than one science raise an immediate problem, since 
all the terms in a demonstration must fall within the subject genus (1.7 75b10- 
11, discussed in Chapter 4 above). How can distinct sciences share a single prin- 
ciple? 

Aristotle’s solution is that the common principles are common ‘‘by anal- 
ogy”’ or ‘‘proportionally’’ (kat’ analogian, 1.10 76a38-b2, quoted earlier in the 
present chapter): as the principle expressed in terms of spatial magnitudes stands 
to geometry, so the principle expressed in terms of numbers stands to arithme- 
tic.'7 A science uses common principles only insofar as they apply to its own 
genus.'* As far as the geometer is concerned, EQUALS could be stated specifi- 
cally—thus: ‘‘if equal spatial magnitudes are subtracted from equal spatial mag- 
nitudes, the remainders are equal spatial magnitudes’’—-since this is the only use 
he makes of the principle even if he states it generally. APo I.10 thus includes 
the common principles within the genera of all the sciences to which they apply. 
(Cf. 1.10 76a39, a42.) 

Two questions remain about this ‘‘analogical’’ use of common principles. 
First, if a science uses them only qua restricted to its own subject genus, why 
classify them as a distinctive kind of principle? Why not state them in their re- 
stricted form and consider them as proper principles? The issue here is whether 
they are different from the proper principles just because other sciences use them 
(or analogous versions of them) or because they play a different role in demon- 
strations. If the latter, they are reasonably identified as a separate kind of princi- 
ple. 

The latter is in fact the case. The proper principles are definitions and ex- 
istence claims, whereas LNC, LEM and EQUALS are neither of these.'9 Also 
they do not say anything in particular about any of the various subjects or attri- 
butes within the genera of the sciences to which they apply. They are principles 
that apply to genera, rather than principles that are of or are in or are about 
_ genera. They are regulative principles or inference licenses for going from prop- 
ositions about a given genus to other propositions about it. 

Take EQUALS for example. Although for geometry it could be stated in 
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the specific way mentioned above (‘‘if equal spatial magnitudes . . . ’’), by itself 
it says nothing concrete about circles, lines, and so on, but only provides a way 
to infer a true conclusion from true premises. To be sure, proper principles can 
be used in this way too. The definition of a circle as the locus of points equidistant 
from a given point can be used to infer from the fact that A and B are points on a 
circle with center C that AC = BC.?° But this is not the only function of defini- 
tions (which make substantive claims about the nature of the terms in the subject 
genus), whereas it is the only function of EQUALS. 

Since common principles apply to different subject genera, it is hard to see 
how they could say anything in particular about any single subject genus. Since 
a science is the study of a genus and is concerned with discovering per se relations 
among its subjects and attributes, any principles that also apply outside the genus 
will be unable to contain anything specifically about the subjects or attributes of 
the genus. Such information must come from within. The only other role left is 
for such principles to give ways of combining results derived about the subject 
genus to produce other results. 

The second question concerns the analogical use different sciences make of 
common principles. When Aristotle says in effect that geometry uses the princi- 
ple ‘‘if equal spatial magnitudes . . . ’’ and arithmetic uses the principle ‘‘if equal 
numbers . . . ,’’ does he mean that the two sciences use separate principles that 
are analogous, or instead that the two sciences use a single principle, EQUALS, 
in analogous ways? 

This traditional problem is usually put by asking if common principles are 
univocal or equivocal. Zabarella?' treats the matter extensively, starting from the 
view that accidents such as equal are equivocal if and only if quantity, the sum- 
mum genus to which they belong, is also equivocal. There are difficulties either 
way since if EQUALS is not common univocally to arithmetic and geometry, 
thén quantity is not a common thing univocally, whereas Categories treats it as a 
univocal genus.?? 

If EQUALS is common univocally, quantity is a univocal genus, so there 
can be only one science of quantity, and arithmetic and geometry will be two 
parts of the same science. Yet Aristotle repeatedly calls them separate sciences, 
each with its own genus. Zabarella stays with the APo view that arithmetic and 
geometry have different genera and concludes that their common attributes are 
equivocal. Therefore quantity is not a univocal genus, and the doctrine of the 
Categories must be discounted. For Zabarella, therefore, common principles are 
equivocal.?3 

However, there are reasons to deny that this is so. First, it is things, not 
words, that are equivocal. A geographical feature and an article of clothing are 
equivocal because each is called a cape, and the definition of ‘‘cape’’ is different 
in the two cases. Is this so for equal? Two given lengths and two given numbers 
may both be called equal, but does ‘‘equal’’ have a different definition in each 
case? No more than ‘‘animal’’ does because elephants and ants can both be called 
animals. There are different types of equality just as there are different types of 
animals, and the criteria for the different kinds of equality are different, just as 
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the criteria for different kinds of animals are different. Moreover, ‘‘equal’’ has a 
single definition that applies to all quantities: ‘‘things are equal whose quantity is 
one”’ (Met. A.15 1021aI2), so even if equality in arithmetic is equality in number 
and equality in geometry is equality in spatial magnitude, these are not different 
(and circular!) definitions of equality, but specifications of different kinds of 
equality, where ‘‘equality’’ has the same meaning throughout. The distinction 
between being univocal and being equivocal is unhelpful in the present matter. 
Common principles apply differently in different sciences, but not because of 
differences in the meanings of the terms they contain.*4 Rather, EQUALS is a 
single principle, which applies generally to quantities, and therefore specifically 
to numbers and spatial magnitudes. 

This interpretation agrees with the text, which says not that geometry and 
arithmetic use different yet analogous principles, but that EQUALS is the same 
principle (1.7 75b2—3). It is ‘“‘useful’’ in geometry only insofar as it applies to 
spatial magnitude; it is ‘‘sufficient’’ as long as it applies to that subject genus; 
and it would make no difference to the geometer if he assumed it qua applying to 
magnitudes alone and not generally to all quantities (1.10 76a39—b2, quoted ear- 
lier in the present chapter). 

If EQUALS is a single principle that applies to all quantities and so to all 
kinds of quantities, then, according to Zabarella, it follows that (1) quantity is a 
univocal genus, so that (2) there is a single science of quantity, and therefore (3) 
arithmetic and geometry are only parts of this science. Are any of these conse- 
quences unwelcome? (1) agrees with Aristotle’s tendency to call the categories 
genera’s and his treatment of quantity in Categories 6. (2) does not follow from 
(1), since it is mistaken to assimilate the subject genera of sciences to the genus/ 
species hierarchy of nature.*© Even so, there is some evidence that Aristotle ac- 
knowledged such a science. His reference to the general proof of the law of al- 
ternating proportions (1.5 74a18-25) and his references to ‘“‘universal 
mathematics’ ’?7 may indicate that a start had been made on such a general science 
of quantity, or that the materials were at hand for doing so.?* 

Evaluation of Zabarella’s final inference, that if there is a general science 
of quantity then (3) arithmetic and geometry are merely two parts of it, depends 
on what constitutes a ‘‘part’’ of a science. Zabarella assumes that if quantity is a 
single genus there is only one science for any and all quantities, so that arithmetic 
and geometry are parts of that single science, as the geometry of the circle is part 
of geometry. He objects to this view because arithmetic and geometry are differ- 
ent sciences, each with its own distinctive subject genus, whereas the circle is 
only part of the subject genus of geometry. Now arithmetic and geometry are 
part of knowledge about quantities, since they are knowledge of kinds of quan- 
tity. But they are not part of the science of quantity in general, because that 
science treats quantities generally and its principles and conclusions must apply 
to the subject genera of both arithmetic and geometry, whereas distinctively ar- 
ithmetical facts do not apply to all kinds of quantity. Thus there can be distinct 
sciences whose genera are, respectively, quantity in general, number, and mag- 
nitude, and so the principle of the autonomy of the subject genus remains intact. 
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The Alleged Regulative Role of Axioms 


It remains to examine the ‘‘regulative’’?9 function of the axioms, which is sup- 
posed to be reflected in the use of different prepositions to describe the relations 
of axioms to the conclusions of proofs. The statement that demonstration pro- 
ceeds ‘‘through the common principles’’ or “‘in accordance with the common 
principles’’ (dia t6n koindn, 1.10 76b10, 1.32 88b3) seems to point to the regu- 
lative function of logical laws, though elsewhere the axioms are called the things 
‘*from which’’ (ex hén) demonstration proceeds (1.7 75242, b2, 1.10 76b14, b22, 
I.11 77427), which seems to describe their use as premises. At I.2 71b20 and 
I.10 76b10, for example, ek is used of the principles and prior conclusions that 
appear as premises of proofs. Still, it is wrong to place much weight on this varied 
use of prepositions. Did and ek are used interchangeably in I.10 (76b10, b14, 
b22). APr 1.25 speaks of conclusions as coming to be both did (42436) and ek 
(42a32) the premises. Also, Metaphysics, which treats LNC and LEM in their 
capacity as laws of thought, not premises of proofs, refers to them as demonstra- 
tive principles and calls them ‘‘the common opinions from which [ex hén] all 
people make demonstrations’’ (Met. B.2 996b26—31). Since both did and ek can 
express the relation between conclusion and premises, and ek can express the 
dependence of all thought on the logical laws, and did may do so too, the relation 
the axioms have to other scientific propositions cannot be ascertained from the 
prepositions. Interpretation must depend on the immediate context of particular 
statements and the requirements of the theory of demonstrative science. The fol- 
lowing four passages are the best evidence for the regulative function of axioms. 

(1) I.10 76b14: One of the three things with which every demonstration is 
concerned is ‘‘the common principles, called axioms, from which as primary [ex 
hén préton| [the science] forms its demonstrations.”’ I have proposed:° that this 
passage refers to the role of axioms as ultimate premises of scientific demonstra- 
tions, since they are the only principles mentioned in the list. ‘‘Primary’’ signifies 
not that axioms are prior to other principles, but simply that they are principles. 

(2) The same explanation accounts for 1.7 75a41—42. One of ‘‘three things 
in demonstrations’’ is ‘‘the axioms (axioms are ‘that from which [ex hén]’).’’3! 

(3) 1.10 76bro: ‘‘they prove through [did] the common principles and from 
[ek] the things that have been proved.’’ Since Aristotle is talking of how proofs 
are constructed, it is the function of axioms as premises, not as regulative prin- 
ciples, that is relevant. The different prepositions are used for the sake of vari- 
ety.3? 

(4) 1.32 88a36—b3, translated and discussed in Chapter 4 above. The words 
of interest are ‘‘with which [meth’ hén] they are proved through [did] the com- 
mon principles’ (b3). The point is that a conclusion in arithmetic, say, may de- 
pend on common principles, but it depends on arithmetical facts too. The prepo- 
sitions underline that the axioms need to be accompanied in their role as premises 
by proper principles. 
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The evidence for the ‘‘regulative’’ role of axioms has collapsed. There is 
no reason to think that Aristotle had any other feature of EQUALS, LEM, and 
LNC in mind than their role as premises of demonstrations, even though the log- 
ical laws might be used this way only rarely. (Actually, it is only LNC he says 
will be used in unusual circumstances. Since LEM is used in reductio proofs 
[I.11 77a22—23] we may expect to see it used frequently .33 It is probably signifi- 
cant that LEM is often mentioned as a common principle, LNC only once.) This 
result places the axioms on much the same level as the proper principles, while 
still reserving for them a distinctive role of their own. On the other hand, there is 
no reason to deny that they have regulative functions. Metaphysics T is not to be 
ignored. But neither is it to be thought of as containing Aristotle’s only thoughts 
on axioms. 


Summary 


The axioms are therefore a distinct class of principles with a distinctive role as 
premises of demonstrations in the sciences to which they apply. An axiom is a 
single principle that is used in different sciences. Moreover, it is used in the same 
way in each of the sciences in which it is found, although criteria for application 
may be different in different sciences. (For example, the criteria for using the 
word ‘‘equal’’ and therefore the principle EQUALS are different in geometry and 
arithmetic: different kinds of comparisons are employed, and different ways of 
deciding whether things are equal.) The ‘‘analogical’’ use of axioms in different 
sciences means not that there are different but analogous versions of EQUALS 
or LEM used in different sciences, but that each science uses these principles 
only qua applying to its own subject genus. 


Axioms and Subordinate Sciences 


I will end by establishing a link between the doctrine of axioms and the theory of 
subordinate sciences that enables us to understand how axioms can be ‘‘com- 
mon’’ to more than one science. 

LEM and LNC hold everywhere because all sciences are concerned with 
things-that-are, and these principles apply to all things-that-are (Mer. T.3 
1005a22-—28); EQUALS applies in geometry and arithmetic because the genera 
of these sciences are kinds of quantity (Met. K.4 1061b20-21). When distinct 
sciences share a common principle it is because their genera have a common 
character, a similar internal structure. The genera of sciences that share a com- 
mon principle are subclasses of the class for which the principle holds. 

One implication of the doctrine of axioms that Aristotle did not fully rec- 
ognize is that any completely general consequence of a common principle will 
hold for the same class as the common principle and also for the subclasses that 
are the subject genera of the specific sciences. In this respect, common principles 
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are like the law of alternating proportions, which is a theorem, not a principle 
(1.5 74a18—25): this law applies to numbers and spatial magnitudes, and so can 
be used in both arithmetic and geometry. The same holds true for the entire theory 
of proportion invented by Eudoxus and reworked by Euclid to form book V of 
the Elements. (The law of alternating proportions is book V, prop. 16.) 

In fact, the law of alternating proportions creates an embarrassment for 
Aristotle, since it is ‘‘common’’ and the conclusion of a proof, yet the only 
‘‘common’’ elements Aristotle recognizes are unprovable principles. However, 
my discussion of the subordinate sciences points to a solution. 

If the Eudoxan theory of proportion is the science (or part of the science) 
of quantity, arithmetic and geometry are subordinate to it in the way one branch 
of modern algebra is subordinate to another.34 The theory of proportion is more 
general than geometry and arithmetic, whose genera are defined as quantities 
with additional properties. It does not investigate the facts of arithmetic and ge- 
ometry, but those sciences use its principles and conclusions together with their 
own proper principles and conclusions to prove further results. 

This second kind of subordination not only covers the relation between 
arithmetic and geometry and the law of alternating proportions together with the 
rest of the Eudoxan theory of proportion, but also provides a framework for un- 
derstanding the nature of the axioms. For they turn out to be facts occurring in 
superior sciences. For example, Euclid’s Elements, book V, proposition 1, makes 
use of common notion 2, ‘‘if equals are added to equals, the wholes are equal,”’ 
which Aristotle would place alongside EQUALS as a common principle. Like 
EQUALS, this axiom is found in ‘‘universal mathematics.’’ Also LEM and LNC 
will be principles of the science of things-that-are. They, together with other 
principles and conclusions of that science, apply to all things-that-are and so can 
be used by any of the special sciences. 

The doctrine of the qualified identity of subject genera of superior and sub- 
ordinate sciences*5 also explains how axioms apply in more than one science. 
The relation between quantity in general and spatial magnitude is the same as the 
relation between spatial magnitude and the subject genus of optics. Just as visual 
lines are geometrical lines, but not all geometrical lines, and are treated qua hav- 
ing geometrical properties and visual ones as well, so spatial magnitudes are 
quantities, but not all quantities, and geometry treats them qua having properties 
of quantities in general and geometrical ones as well. Each axiom of a science is 
a proper principle or a conclusion of a superior science. This is guaranteed by the 
fact that axioms are common to more than one science and are common in virtue 
of acommon character of their subject genera, and so have a place in the science 
whose genus is appropriately general. 


Appendix: I.11 77a10—21 and the Law of Noncontradiction 
The following difficult passage claims to show how LNC is used as a premise in 


demonstrations. I shall provide a translation and discussion of the passage and 
then indicate the role LNC plays. 
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I.11 77a10-12 ‘‘No demonstration assumes that it is impossible 
simultaneously to assert and deny [the same predicate of the same 
subject] unless it is necessary to prove the conclusion too in that 
way.’ 


DISCUSSION 

Since it would be vacuous to say that LNC is assumed only when it is 
needed, the passage must be asserting that LNC is used as a premise only when 
the conclusion is of the form ‘‘it is impossible for C simultaneously to be A and 
not-A.”’ In the following discussion nothing is made of the concepts ‘‘impossi- 
ble’’ and ‘‘simultaneous,’’ and the conclusion is considered to be of the form ‘‘C 
is A and C is not not-A.’’ The sense of this proposition is difficult to capture in 
the quantification of the syllogistic. Probably the best version is (III): (AaC) & 
(not-[{not-A}aC]), with the first ‘‘not’’ negating the proposition ({not-A]aC) and 
the second “‘not’’ negating the term A. 


1.11 77a12-13 ‘‘It is shown by assuming that the first is true of 
the middle and not true to deny.”’ 


DISCUSSION 

If A is the “‘first’’ (the major) term in the syllogism and B the middle, then 
Aristotle says that the major premise of the syllogism is ‘‘it is true that A belongs 
to B and not true that A does not belong to B,’’ that is, (I): (AaB) & (not-[{not- 
A}aB]), where again the first ‘‘not’’ negates a proposition and the second ‘‘not’’ 
negates a term. 


I.11 77a13-14 ‘‘It makes no difference to assume that the middle 
is and is not.’’ 


DISCUSSION 

It makes no difference that the middle is and is not true of the minor. Ar- 
istotle says that the minor premise may be of the form: (BaC) & ({not-B]aC); that 
is, it may violate LNC without impeding the syllogism. III follows from I and 
the minor premise, II: BaC. But III also follows from J and II’: (BaC) & (not- 
[{not-B}aC]), though only the first member of II’ is relevant. The second member 
“‘makes no difference’ to the conclusion because its predicate is (not-B); it would 
have to be B in order to form a syllogism with the major. 


I.11.77a14-15 ‘‘And similarly for the third.’’ 


DISCUSSION 

The third term is the minor term C. It makes no difference whether we 
assume the minor term only affirmatively or both affirmatively and negatively 
(i.e., with term negation, not-C) in the minor premise. III will follow regardless 
of whether the major premise I combines with the minor II or II’ (as was shown 
above) or even II”: (BaC) & (Ba[not-C]), or II": (BaC) & (Ba[not-C]) & ({not- 
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BjaC) & ({not-B]a[not-C]). As we have seen, only II is needed for the syllogism. 
I and Ii” yield (AaC) & (not-[{not-A}aC]) & (Aa[not-C]) & (not-[{not-A}a{not- 
C}]). The conjunction of the first two conjuncts is III, and the other two conjuncts 
are irrelevant to reaching III. These other two conjuncts are the consequences of 
the second member of II”: (Ba[not-C]). Thus, adding this member ‘‘makes no 
difference’’ to reaching the desired conclusion, III. I and II” yield precisely the 
same conclusion as I and II”. Again, the additional conjuncts ‘‘make no differ- 
ence.”’ 


1.11 77a15-18 ‘For if it was given that that of which it is true to 
say man [e.g., Callias] (even if it is also true to say not-man), but if 
only [it is given] that man is an animal and not a not-animal, it will 
be true to say that Callias (even if also not-Callias) is nevertheless 
an animal and not a not-animal.”’ 


DISCUSSION 

This is offered as a specimen inference. The major is “‘man is an animal 
and not a not-animal’’; that is, being animal belongs to (all) man and being not- 
animal does not belong to (all) man. This has the form: (AaB) & (not-[{not- 
A}aB]). The conclusion is ‘‘Callias is an animal and not a not-animal’’; that is, 
being an animal belongs to Callias and being not-animal does not belong to Cal- 
lias. Here as frequently Aristotle uses a singular term instead of a universal. For 
the sake of convenience I shall follow Barnes (p. 141) in treating ‘‘Callias’’ as a 
universal. The form of the conclusion is, then, (AaC) & (not-[{not-A}aC]). To 
reach this conclusion we only need the proposition “‘Callias is a man,”’ that is, 
II: (BaC), for the minor premise. But even if the minor premise is ‘‘Callias is a 
man and also a not-man,”’ that is, (BaC) & ({not-B]aC), the conclusion follows. 
Moreover, even if the minor premise is such that it follows that Callias and also 
not-Callias is an animal and not a not-animal, it makes no difference, since the 
desired conclusion is reached. The desired conclusion, (AaC) & (not-[{not- 
A}aC]), is part of and therefore entailed by the more complex conclusion (AaC) 
& (not-[{not-A}aC]) & (Aa[not-C]) & (not-[{not-A}a{not-C}]), which results if the 
minor premise is either ‘*Callias and not-Callias are men,’’ that is, II": (BaC) & 
(Ba[{not-C]), or ‘‘Callias and not-Callias are men and not-men,’’ that is, II”: 
(BaC) & (Ba[not-C]) & ({not-B]aC) & ({not-B]a[not-C]). 


I.11 77a18-21 ‘‘The reason for this is that the first is predicated 
not only of the middle but also of another, since it applies to many, 
and so even if the middle is both it and not it, it makes no difference 
to the conclusion.”’ 


DISCUSSION 

The ‘‘first’’ is the major term as at aI2. Aristotle explains how a conclusion 
like ‘‘Callias and also not-Callias is an animal and not a not-animal’’—(AaC) & 
(not-[{not-A}aC]) & (Aa[not-C]) & (not-[{not-A}a{not-C}])—is possible. Al- 
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though it is false that everything that is not Callias is an animal, it is true that 
there are other kinds of animals than men. If not-Callias proves to be a tiger, then 
indeed not-Callias as well as Callias is an animal and not a not-animal. Thus if 
the middle term is ‘‘both it and not it,’’ that is, B and not-B, and if not-B is 
understood to be not the simple contradictory of B, but something else in the 
range of A (in the example, another kind of animal), the same conclusion follows. 
Let D stand for tigers. The middle term is now ‘‘men and tigers,’’ B and D. The 
major premise is (AaB) & (not-[{not-A}aB]) & (AaD) & (not-[{not-A}aD]). The 
minor premise is (BaC) & (Ba{not-C]) & (DaC) & (Da[not-C]). The conclusion 
is (AaC) & (not-[{not-A}aC]) & (Aa[not-C]) & (not-[{not-A}a{not-C}]), which is 
the same conclusion that follows if the minor premise is simply (BaC) & (Ba[not- 
C}), and all reference to D is omitted. As Aristotle says, the addition of D ‘‘makes 
no difference to the conclusion.” 


THIS READING OF the text is close to Barnes’s (pp. 140-42), but differs in two 
respects. First, it takes ‘‘even if also not-Callias’’ (a17—18) as referring to the 
conclusion—it is shorthand for ‘‘Callias and not-Callias are animals and not not- 
animals’’—whereas Barnes calls the phrase ‘‘obscure’’ and suggests emending 
the text to read ‘‘Callias is also not a man.’’ Second, at a18—21 (a passage Barnes 
finds ‘‘desperately obscure’’) Barnes takes the explanandum to be that II' is su- 
perfluous; II is all that is needed in the minor premise. I suggest that Aristotle is 
explaining how to understand the proposition ‘‘not-Callias is an animal and not a 
not-animal’’ in a way that makes sense. As Barnes points out, Aristotle is not 
justified in holding that (AaB) & (Aa[not-B]), but the reading I have proposed 
finds an acceptable way of taking that premise. 

The final question is how LNC is used in the argument. It is not any of the 
stated premises. The closest approach to it is in the description of the major prem- 
ise (al2—13): ‘‘the first is true of the middle and not true to deny’’: (AaB) & (not- 
[{not-A}aB]). This is not itself LNC, but it is possible to see LNC as a premise of 
‘an argument leading to this proposition. If we know AaB and want to have the 
conclusion of our argument be in the form (AaC) & (not-[{not-A}aC]]), it is nec- 
essary to have the major premise in the form (AaB) & (not-[{not-A}aB]). And the 
‘major premise follows from (AaB) and LNC. The reasoning would be: LNC states 
that it is impossible simultaneously to assert and deny the same predicate of the 
same subject. It follows that (not-[{AaB} & {not-A}aB]). But (AaB). Therefore, 
(not-[{not-A}aB]). Therefore, (AaB) & (not-[{not-A}aB]). 


Definitions, I: 
The Per Se 


CHAPTER VII 


DEFINITIONS OF SUBJECTS and attributes are one kind of proper principle (1.10 
76a37ff.). Together with existence claims they contain the indemonstrable facts 
about the subject genus. Since the role of existence claims is to introduce certain 
items as legitimate subjects of proofs, but not to describe their natures,' the in- 
formation contained in the definitions must somehow entail all the nonimmediate 
facts that the science demonstrates. 

Although the official word for definition is horismés, this word occurs spar- 
ingly in APo I. More frequently we find the paraphrases ‘‘what it is’’ (t7 esti) and 
‘‘what it signifies’ (ti sémainei)—which are the source of such expressions as 
“‘that it signifies this’’ (hdti todi sémainei, 1.1 71a15) and “‘that they are this’’ 
(t6. . . todi einai, 1.10 76b6) both of which mean ‘“‘that this is the definition’’— 
and ‘‘what the thing being said is’’ (tf to legdmenon esti, 1.1 71a13), a longer 
form of ‘‘what it is.’ The distinction between ‘‘what it is’? and “‘what it 
signifies’? is a subtlety that this chapter can ignore, and although I shall follow 
Aristotle in using the former expression, most of the discussion below also ap- 
plies to ‘‘what it signifies.’” However, another subtlety is crucial. The “‘what it 
is’’ is not exactly identical with a definition. The relation between them is encap- 
sulated in the statement ‘‘the definition is called a verbal statement of the ‘what 
it is’ [/6gos tod ti esti]’’ (11.10 93b29):3 the definition is “‘an immediate deductive 
principle’ (1.2 72a14-15), a proposition that can serve as a premise in a dem- 
onstration, whereas ‘‘what it is’’ is not a linguistic entity, but the real nature of 
the definiendum. 

The connection between definitions and ‘‘what it is’’ forms the missing link 
between immediate principles and necessity. Since the object of scientific knowl- 
edge (the conclusion of a proof) ‘‘cannot be otherwise’’ (I.2 71b12, translated 
and discussed in Chapter 2 above),‘ it is necessary (I.4 73a2I-22). Why, then, 
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does the list of requirements for scientific principles (1.2 71b19ff., translated and 
discussed in Chapter 2 above) omit to say that they are necessary?5 And if the 
principles do not have to be necessary, why should we accept that the conclusions 
are necessary? The answers to these questions need a good deal of justification, 
but can be stated briefly. Aristotle does not say that principles are necessary be- 
cause not all principles are necessary.* The necessity relevant to conclusions of 
proofs stems from the necessity of the per se relations found in definitions. This 
is the topic of the present chapter. 

The necessity of definitions stems from the fact that they state ‘‘what it is.’’ 
For, as a crude approximation, things so related to each other that one is an in- 
gredient of the ‘‘what it is’’ of the other are related per se, and per se relations 
are necessary. When these definitional relations are put into the appropriate de- 
ductive forms, their consequences are necessary too. What, then, is it for things 
to be related per se? Since this complex issue is a major concern of APo 1.4, that 
chapter must be expounded in detail. APo 1.4 begins with what appears to be an 
argument to prove that demonstrations depend on necessary principles: 


1.4 73a21-24 ‘‘Since that of which there is unqualified scientific 
knowledge cannot be otherwise, that which is known by demonstra- 
tive knowledge is necessary. Demonstrative knowledge is the 
knowledge we have by having a demonstration. Therefore [a] dem- 
onstration is [a] deduction dependent on necessary [principles].’’* 


NOTE ON TRANSLATION 

a. I say ‘‘dependent on’’ rather than ‘‘has as premises’’ in order to allow 
the use of previously proved conclusions as premises in proofs of subsequent 
conclusions,’ though it is not clear that Aristotle has this practice in mind. 


DISCUSSION 

This passage begins by pointing out that the requirement for scientific 
knowledge stated at 1.2 71b15-16, ‘‘cannot be otherwise,’’ entails that the con- 
clusions of demonstrations are necessary.* The train of thought from ‘‘that which 
is known by demonstrative knowledge is necessary’’ to ‘‘[a] demonstration is [a] 
deduction dependent on necessary [principles]’’ is incomplete. The argument 
does not ‘‘commit him to the view that ‘if P is necessary and P is deducible from 
Q, then Q is necessary’ ’’? since in the case in point we do not just know that P 
is necessary; since we have scientific knowledge of P, we know P on the basis of 
principles that are prior to, more intelligible than, and grounds of P. 


ALTHOUGH 73a2 1-24 ASSERTS rather than proves that proofs depend on necessary 
principles, 1.6 offers several arguments of varying quality to support this claim 
(74b13-39), the strongest of which runs as follows: 


1.6 74b26-32 ‘‘That the deduction must depend on* necessary 
principles is obvious from these considerations too. For if a person 
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who lacks an account of why, when there is a demonstration,” does 
not have scientific knowledge (it might be in the circumstances that 
A belongs of necessity to C, and B, the middle through which it was 
‘proved,’ is not of necessity),° he does not know why [A belongs 
necessarily to C].¢ For this is not through the middle.‘ For it is pos- 
sible for it not to be,‘ but the conclusion is necessary.’’ 


NOTES ON TRANSLATION 

a. For my use of ‘‘depend on’’ rather than ‘‘has as premises’’ see note a, 
on 73a2I—24, just above. 

b. ‘‘When there is a demonstration’’ can mean either ‘‘when the conclu- 
sion can be proved even though the person does not know the proof”’ or ‘‘when 
the person has what he thinks is (but is not really) a proof.’’ The first is more 
likely (see below, note e), but the second is made possible by the talk of the 
“‘proof’’ through the middle term B (b29—30). Nothing depends on which we 
choose. 

c. ‘‘Is not of necessity’” may mean either ‘‘B does not belong of necessity 
to C’’ (cf. b29) or ‘‘A does not belong of necessity to B or B of necessity to C”’ 
(cf. 75a4—6). Since the point is that scientific knowledge requires all the premises 
to be necessary, either of these readings constitutes sufficient reason for saying 
that the conclusion is not known scientifically. 

d. The supplement “‘[A belongs necessarily to C]’’ could also be ‘‘[A be- 
longs to C]’’ (cf. 1.2 71bg—12). 

e. ‘‘For this is not through the middle’’ means that the faulty proof of A-C 
through B does not employ the middle term of the actual proof of A-C. That there 
is such a proof (and therefore such a middle) is guaranteed on the first reading of 
“‘when there is a demonstration’’ (b28) (see note b above). 

; f. ‘‘For it is possible for it not to be’’ can in view of the two interpretations 
of ‘‘is not of necessity’’ discussed in note c, mean either ‘‘it is possible for B not 
to belong to C”’ or “‘it is possible for A not to belong to B and for B not to belong 
to C.”’ Another possibility is ‘‘it is possible [sc., as far as the ‘proof’ shows] for 
A not to belong to C.”’ 


DISCUSSION 

Despite the multiple uncertainties of interpretation, the reasoning is clear. 
Demonstrations have necessary principles because otherwise we do not know 
why the conclusion holds and is necessary, and so lack scientific knowledge and 
demonstration of it (cf. 1.2 71b10-12). If we have the argument ‘‘A belongs to 
B, B belongs to C, therefore A belongs to C,’’ where either or both premises are 
not necessary connections, then even if A belongs necessarily to C, the argument 
is not a demonstration that A belongs to C. Supposing that there is a demonstra- 
tion, it must proceed through a different middle term, since the present argument 
does not yield knowledge why A belongs to C. Aristotle’s reasoning rests on the 
view that the grounds for a necessary fact and for scientific knowledge of that 
fact are themselves necessary: how can a necessary conclusion be accounted for 
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by contingent facts, and how can we know that it is necessary if our knowledge 
is based on contingent premises??° 


THE NECESSITY OF principles is grounded in their being grounds (not merely 
premises) of necessary conclusions. Further, the grounds of the conclusion are 
also the grounds for the conclusion’s being necessary. The principles of a dem- 
onstration account not only for the fact that the conclusion holds but also for the 
fact that the conclusion holds of necessity. 

This result is employed in the initial lines of 1.6, which argue that proofs 
depend on premises that state per se relations: 


1.6 74b5-12 ‘‘Now if demonstrative science (or knowledge)* de- 
pends on necessary principles® (for what he knows cannot be other- 
wise, and things that belong per se are necessary to things®. . . “it 
is obvious that the demonstrative deduction* will depend on such 
premises.‘ For everything belongs either thus or per accidens,® and 
accidents are not necessary.’”" 


NOTES ON TRANSLATION 

a. ‘‘Demonstrative science (or knowledge)’’ gives two possible renderings 
of apodeiktiké epistéme. 

b. Regarding ‘‘depends on,”’ see note a on 73a2 I-24 earlier in the present 
chapter. 

c. In ‘‘things that belong per se are necessary to things,’ we may under- 
stand ‘‘to things’’ with ‘‘belong’’ and ‘‘necessary.’’ If A belongs per se to B, A 
is necessary (belongs necessarily) to B. 

d. I omit b7—-10, which repeat the characterizations of two kinds of per se 
telations at 1.4 73a34—b5. These relations will be discussed shortly below. 

e. ‘‘The demonstrative deduction’’ means ‘‘the deduction which is a dem- 
Onstration,’’ ‘‘the demonstration.”’ 

f. ‘‘Will depend on such premises,’’ namely on premises stating that one 
thing belongs per se to another. 

g. ‘‘For everything belongs either thus or per accidens’’ means that if A 
belongs to B then either A belongs per se (in one of the two ways identified at b7— 
10; this proviso applies throughout the discussion of this passage) to B or A be- 
longs per accidens to B. We may further understand ‘‘but not both.”’ 

h. In ‘‘accidents are not necessary,”’ ‘‘accidents’’ (sumbebék6ta) is equiv- 
alent to ‘‘things belonging per accidens’’ (ta kata sumbebékos). 


DISCUSSION 
___ This passage argues to the conclusion (1): Proofs depend on principles that 
tate per se relations. The premises are: 


2. Proofs depend on principles that state necessary relations (stated 
at 1.4 73a24 and argued for at 1.6 74bi2ff.). 
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3. If A belongs per se to B, then A belongs necessarily to B (from 
1.4 73b16-18). 

4. If A belongs to B, then either A belongs per se to B or A belongs 
per accidens to B (but not both) (loosely anticipated at I.4 
7364-5). 

5. If A belongs per accidens to B, then A does not belong necessar- 
ily to B. 


The proof is as follows: 


6A. If A belongs to B and A does not belong per accidens to B, then 
A belongs per se to B (from 4). 

6B. If A belongs to B and A does not belong per se to B, then A 
belongs per accidens to B (from 4). 

7. If A belongs necessarily to B, then A does not belong per acci- 
dens to B (from 5). 

8. If A belongs necessarily to B, then A belongs per se to B; that is, 
necessary relations are per se relations (from 6A and 7). 

I. (From 2 and 8). Q.E.D. 


The proof notably does not make use of (3). However, (3) is instrumental in two 
further consequences: 


g. A belongs per se to B if and only if A belongs necessarily to B; 
that is, all and only necessary relations are per se (from 3 and 
8). 

10. A belongs per accidens to B if and only if A does not belong 
necessarily to B; that is, all and only nonnecessary relations 
are per accidens (from 9 and 6B). 


Not only do proofs depend on per se relations, but also the necessary/contingent 
distinction coincides with the per se / per accidens distinction. 


SINCE SCIENTIFIC NECESSITY is grounded in per se relations, we must look closely 
at what Aristotle says about the nature of such relations. The principal discussion 
is found in APo 1.4, a chapter that introduces and analyzes three relations of 
importance to the theory of demonstrative science: “‘in every case’’ (kata pan- 
tos), per se (kath’ hautd, kath’ haut6), and ‘‘universal’’ (kathdlou). 


In Every Case 
1.4 73a28-34 ‘‘Whatever is not [such as to apply] to some cases 


but not to others, or at some times but not at others, this I say holds 
in every case. For example, if animal holds in every case of man, it 
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follows that if it is true to say that this is a man, it is true to say that 
it is an animal too, and if it is now true to say the one, it is now true 
to say the other too. Likewise, if in every line [there is] a point. Ev- 
idence for this is that we raise objections to assertions either if 
something fails to apply to something or if it fails to apply at some 
time, as if we were asked [to believe that it holds] in every case.”’ 


DISCUSSION 

A holds ‘‘in every case’’ of B =,,A belongs to all B’s at all times. The first 
example (animal holds ‘‘in every case’’ of man) is clear. The account also fits 
“‘universal’’ relations (73b26): 2R belongs ‘‘in every case’ to triangle. The sec- 
ond example, ‘‘in every line [there is] a point,’’ raises a difficulty, since point is 
not predicated of line. It is said to be ‘‘in’’ (en) every line, not to hold in (kata) 
or apply to (epi) every line. Now nothing depends on the alternation between 
‘‘hold in’’ and ‘‘apply to,’’ which both refer to predication. But even though the 
Categories uses ‘‘in’’ of a kind of predication (Cat. 2), it deliberately distin- 
guishes that kind of predication from the part/whole relation that holds between 
point and line.‘ To cover both the predication and the part/whole’? relations by 
a single expression, we need something like ‘whenever there is a B there is also 
an A”’ as a paraphrase of ‘‘A holds in every case of B.’’ But is this a solution or 
just a patch? As long as we take both of Aristotle’s examples seriously we should 
accept it as a solution. Since the text declares that A holds in every case of B only 
when A and B are related in such different ways, it is best to avoid regimentation'3 
and allow a variety of relations to obtain between A and B (‘‘is a genus of,’’ ‘‘is 
a part of,’’ ‘‘is a necessary attribute of,’’ etc.) such that if A is related in any of 
these ways to all B at all times, A holds in every case of B. 


Per Se 


The heart of I.4 is the treatment of ways in which things are related per se (73a34— 
b24). Since this part is most important for the purpose of understanding the nature 
of definitions and necessity, and since it presents several difficulties, it merits 
careful treatment. 


Per Se I 


1.4 73a34-37 ‘‘All the things that belong [to something] in ‘what 
it is,’* [I say hold] per se, for example, line [belongs per se] to trian- 
gle and point to line. For their being depends on these? and they are 
predicated* in the statement that states ‘what they are.’ ”’ 


NOTES ON TRANSLATION 
a. For a defense of this translation of hupdrchei en tdi ti estin (a34-35), 
see Zabarella, cited by Ross, p. 520. 
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b. In ‘‘For their being depends on these’’ (hé gar ousia aut6n ek toviton 
esti), ““being’’ can mean either ‘‘essence’’ or ‘‘existence.’’ ‘‘Depends on’’ pre- 
serves the translation elsewhere adopted for ek. (Other interpretations are possi- 
ble—see shortly below.) “‘Their’’ refers to ‘‘triangle,’’ “‘line.’’ ‘“These’’ refers 
to “‘line,’’ ‘‘point.’’ In the next clause the first ‘‘they’’ refers to ‘‘line’’ and 
“‘point,’’ the second to “‘triangle’’ and ‘‘line.’’ The antecedents of the pronouns 
are clearer in Greek than in English. 

c. “‘Are predicated’’ translates enhupdrchei. The difference between hu- 
parchein (translated as ‘‘belong’’) and enhupdrchein is not significant. Even 
though hupdrchein has a ‘‘rather general significance’’ and is ‘‘non-technical and 
ambiguous”’ (Ross, pp. 60-61, 520-21), hupdrchein tini en tdi ti estin is equiv- 
alent to enhupdrchein tini en t6i ti estin (Bonitz 1866, p. 367; cf. Jaeger 1911, 
pp. 31-32). 


DISCUSSION 

If A belongs to B in “‘what B is,’’ then A belongs per se I to B. Taken most 
simply this says that all the things occurring as terms in the definition of some- 
thing belong per se I to it. If square =, right-angled equilateral quadrilateral, 
then right-angled, equilateral, and quadrilateral all belong per se I to squares, 
and the definition yields three unprovable propositions that can be immediate 
premises of demonstrations: ‘‘all squares are equilateral,’’ ‘‘all squares are right- 
angled,’’ and ‘‘all squares are quadrilaterals.’’ This interpretation fits the two 
examples. ‘‘Line’’ occurs as a term in the definition of triangle as ‘‘plane figure 
bounded by three lines,’’ and ‘‘point’’ occurs in the definition of line as ‘‘flux of 
a point.’’'4 

The passage gives two reasons to justify the examples: (1) the being of 
triangle (line) depends on line (point), and (2) line (point) is predicated in the 
statement that states ‘‘what triangle (line) is.’’ I take it that each of these reasons 
is meant as a necessary condition for the per se I relation. 

(1) How is the being (ousia) of triangle (line) dependent on (ek) line 
(point)? The key word is ek, a word that covers a large number of relations. (a) 
Aristotle’s standard view is that a definition consists of genus plus differentia. 
This interpretation points to the most natural interpretation of ‘‘what it is’’ as 
definition, but does not fit the examples, since line (point) is neither genus nor 
differentia of triangle (line). (b) Ek can mean ‘‘composed of,’’ and Aristotle may 
be maintaining that triangle (line) is composed of lines (points). This reading 
applies easily to the case of triangle and line, but runs afoul of Aristotle’s convic- 
tion that a line is not made up of points,'5 although we may not feel bound to 
abandon the reading because of this Aristotelian nicety. (c) Ek might be taken in 
the sense ‘‘determined by,”’ in a way that fits both examples. I shall return to this 
issue below. 

(2) This condition also presents difficulties. ‘“Line’’ occurs in the definition 
of triangle but is not predicated of triangle. Also, line (point) and triangle (line) 
are both subjects, and though one subject can be mentioned in the definition of 
another when neither is a genus of the other, it is not clear how one can be pred- 
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icated of another except as a genus. On the other hand, since a triangle is a figure 
bounded by lines, ‘“‘bounded by lines’’ is predicated of triangle. One suggestion 
is to take the examples with a grain of salt in just this way.*° When Aristotle says 
that line belongs to triangle he means that the attribute ‘‘bounded by lines’’ be- 
longs to triangle, and similarly for point and line. A parallel occurs in the way 
the attribute ‘‘having angles whose sum is equal to two right angles’’ is abbrevi- 
ated ‘‘two right [angles].’’'7 This suggestion must itself be taken with a grain of 
salt. Replacing ‘‘line’’ by ‘‘bounded by lines’’ yields an attribute predicated in 
the definition, but neglects the fact that line is per se 1 to triangle because the 
being of triangle depends on lines. Aristotle would not say that the being of tri- 
angle depends on bounded by lines or on being bounded by lines. 

I propose to take the examples at face value (line, not bounded by lines, 
belongs per se to triangle), and to interpret the account of per se I as follows: if 
‘‘A’’ appears as a term in the definition of B, A belongs per se 1 to B. Condition 
(1) amounts to this: either A is predicated of B, or A is a component of B, or the 
existence or essence of B depends on A, or B is bounded by A, or A and B stand 
in any of the other relevant relations that ek can express.'* This allows things 
related in a multitude of ways to be related per se I to one another, and the 
different kinds of relations between things are expressed in their definitions. Con- 
dition (2) is satisfied as follows. If A belongs per se I to B, there is some expres- 
sion containing ‘‘A’’ that is predicated in the definition of B. In the definition ‘‘a 
triangle is a figure bounded by three lines,’’ ‘‘bounded by lines”’ is predicated of 
triangle. In the definition ‘‘man is a rational animal,’’ ‘‘animal’’ and ‘‘rational’’ 
are both predicated of man. The subject-predicate propositions formed from these 
expressions (‘‘animal belongs to man,”’ ‘‘bounded by lines belongs to triangle’’) 
are the per se I premises on which demonstrations depend. 

My interpretation distinguishes between things (triangle, line) related per 
se I to one another and per se I propositions, which are derived from definitions, 
express the relations between things related per se I to one another, and serve as 
principles of scientific proofs. 


Per Se 2 


1.4 73a37-bs5_ ‘‘Also [I say] all of the things belonging to them, to 
which they are predicated in the account indicating what it is, [be- 
long per se].* For example, straight belongs to line, and so does cir- 
cular, and odd and even to number, and prime and composite, and 
equilateral and oblong. And of all these there are predicated in the 
account stating what it is, in the one case line and in the other num- 
ber. As also with the others [i.e., the things that belong per se 1], I 
call such things [as odd and even, as regards number] per se to each 
thing, and whatever does not belong in either of these two ways [I 
call] accidents,” as musical or white [belongs] to animal.”’ 
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NOTES ON TRANSLATION 

a. The first sentence is at least as obscure in Greek as it is in the translation 
given: hdsois t6n huparchénton autots auta en tdi l6gdi enhupdrchousi t6i ti esti 
déloiinti. But the examples and the justification (‘‘And of all these . . . ’?) show 
that it refers to cases where B is a subject (number) and A (odd) belongs to B, and 
B is predicated in the definition of A (‘‘number of the form 2n + 1 is odd’’). 
‘“‘Them’’ (autois) is the subject, B. ‘‘All of the things belonging’’ (Adsois tén 
huparchonton) are the ‘‘belongers’’ like A. ‘‘The account indicating what it is’’ 
refers to the definition of the “‘belongers’’ (A). ‘‘They’’ in ‘‘they are predicated”’ 
(autd . . . enhupdrchousi)'® is the subjects (B).° The grammar of the sentence 
leaves obscure whether the ‘‘belonger’’ is related per se to the subject or vice 
versa, but since 73b22—24 (quoted shortly below) refers to even and odd as per 
se things (ta kath’ hautd), things related per se to their subject, the ‘‘belongers’’ 
belong per se to the subjects. 

b. Regarding ‘‘accidents’’ (sumbebék6ta), see note c on 73a34-37 earlier 
in the present chapter. 


DISCUSSION 

If A belongs to B and B is predicated in the definition of A, then A belongs 
per se 2 to B. It follows that all A’s are B’s and that B, individual B’s, and the 
species, subspecies, and genera of B are the only things to which A can belong. 

The final sentence of the passage asserts that if A belongs to B and A does 
not belong per se I or per se 2 to B, then A is an accident of B.** Since Aristotle 
offers no justification for this claim, he seems to have regarded it as obvious. Its 
metaphysical underpinning will be discussed below in Chapter 8. 


THE PER SE I AND PER SE 2 relations are explicitly linked with scientific necessity 
a few lines below in a passage that presents some difficulties: 


1.4 73b16-24 ‘Therefore the things that, in the case of what is 
the object of unqualified scientific knowledge, are called per se in 
such a way as to belong to the things predicated or to be belonged 
in,* are on account of themselves and by necessity. For it is not pos- 
sible [for them] not to belong either without qualification or the op- 
posites,” as straight or bent belongs to line and odd or even to num- 
ber. For the contrary is either a privation or a contradiction in the 
same kind,° as even is what is not odd among numbers, insofar as it 
follows.‘ And so if it is necessary to assert or deny, it is necessary 
also for the per se attributes to belong.’’® 


NOTES ON TRANSLATION 

a. The first clause of the first sentence identifies things related per se I and 
per se 2. In this extremely compressed expression, the work is done by active and 
passive forms of enhupdrchein. I follow Barnes in taking tois katégorouménois 
to mean predicates and seeing the passage as referring first to per se 2, where the 
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subject ‘‘belongs in’’ the definition of its predicate, and then to per se 1, where 
the subject ‘‘is belonged in’’ by the predicates, in that the per se 1 predicates 
occur in the definition.?? The sense of the first sentence is ‘‘In the case of the 
objects of scientific knowledge, what are called per se in such a way that the 
subjects belong in the definitions of the predicates (i.e. , per se 2) or the predicates 
belong in the definitions of the subjects (i.e., per se 1) [more literally, the subjects 
are belonged-in in their definitions by the predicates] are on account of them- 
selves and by necessity.’’ The passage speaks of ‘‘predicates’’ or ‘‘things predi- 
cated’’ (tots katégorouménois), not ‘‘things that belong’’ (toés hupdrchousi). 
What is predicated of triangle is not line but ‘‘bounded by lines,’’ and the nec- 
essary fact that is relevant to science is that triangles are bounded by lines, not 
that the term ‘‘line’’ occurs in the definition of triangle (see discussion of per se 
I above). 

b. ‘‘Without qualification’ refers to per se 1: if A is predicated in the def- 
inition of B, then A cannot fail to belong to B. The word for ‘‘without qualifica- 
tion’ (haplés) implies a contrast with some kind of qualification. Here the qual- 
ification is ‘‘the opposites,’’ which stands for the adverbial phrase ‘‘with the 
qualification that the attribute is one of a pair of opposites, one or the other of 
which must belong to the subject.’’ This is meant to characterize the per se 2 
relation. 

c. The nature of the opposition excludes intermediates: the absence of one 
attribute entails the presence of the other, within the relevant class.?3 

d. Among numbers anything that is not odd is even, ‘“‘insofar as it fol- 
lows’’—insofar as being not odd entails being even.*4 

e. If an attribute must be either affirmed or denied of a subject, and if a 
pair of attributes (odd and even) belongs per se 2 to a subject (number), such that 
for any given number, odd must either belong or not belong to it and if it does 
not belong, then even must belong, then it is necessary for the per se 2 attributes 
to belong, in that one or the other (but not both) must belong. This view is reaf- 
firmed at I.6 74b8-10. 


DISCUSSION 

Two features of the passage require discussion: the doctrine that per se 2 
predicates come in coordinated pairs of opposites, and the link between per se 
relations and necessity. The former involves several difficulties. Aristotle was 
struck by the fact that his principal examples of per se 2 relations are mutually 
exclusive pairs of attributes that between them cover the entire range of their 
subject. Even and odd have that relation to number, and straight and bent?5 have 
it to line. But not all the examples work like this. Equilateral/oblong is a distinc- 
tion of composite number,*® but these terms are treated in 73a40—-b2 as per se 2 
to number. Further, there are cases of groups of three (acute angle, right angle, 
and obtuse angle) or more (three-sided figure, four-sided figure, etc.) mutually 
exclusive and exhaustive coordinate per se 2 attributes, and cases where a per se 
2 attribute has no coordinate attributes (e.g., ‘perfect’? number) or where coor- 
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dinate per se 2 attributes do not exhaust the subject (square number, cube number, 
€iG:). 

Since nothing in the account of the per se 2 relation requires the doctrine of 
‘‘opposites’’ and since the doctrine fails so badly to pick out attributes that satisfy 
the account, it should be recognized as a hasty generalization and discarded as an 
unwelcome excrescence on the theory. In what follows, I shall disregard the ‘‘op- 
posites’’ view of the per se 2 relation. The resulting ‘‘purified’’ theory is more 
philosophically interesting and viable. 

The passage argues that if A belongs per se I or per se 2 to B, then A belongs 
to B on account of itself and by necessity, because it cannot fail to belong without 
qualification or ‘‘the opposites.’’ The application to per se I relations is clear. 
Bounded by lines belongs necessarily to triangle because it holds of triangle by 
definition, and relations asserted in definitions are necessary. Further, since def- 
initions are scientific principles, per se 1 relations hold ‘‘on account of them- 
selves.’’?7 

As for per se 2 relations, even though the doctrine of ‘‘the opposites’’ is 
irrelevant, Aristotle’s point is good. Everything that is even is necessarily a num- 
ber, and similarly for the other examples. And since these are definitional rela- 
tions, they are scientific principles and so hold ‘‘on account of themselves.’’ Per 
se 2 predications meet the “‘by necessity’ and ‘‘on account of themselves’’ con- 
ditions just as well as per se 1 predications do. 


Per Se 1 and Per Se 2: Summary and Comparison 


If A belongs to B and ‘‘A’’ occurs in the definition of B, then A belongs?* per se 
1 to B. If A belongs per se I to B, then the definition of B yields a proposition in 
which either A itself or some expression containing ‘‘A’’ is predicated of B. If 
triangle is defined as a figure bounded by three lines, line belongs per se 1 to 
triangle. ‘‘Line’’ is not predicated of triangle, but ‘‘bounded by lines’’ is and 
belongs necessarily to all triangles, and the proposition ‘‘all triangles are bounded 
by lines’’ can serve as an immediate premise of demonstrations. Since the only 
type of definition envisaged in APo is definition by genus plus differentia, and 
since for A to be related per se I to B requires B to be the subject of which A (or 
an expression containing ‘‘A’’) is predicated, the per se I relation is found only 
between subjects (as opposed to attributes) in a science’s subject genus and their 
differentiae and genera. I will return to this point below. 

If A belongs to B and *‘B”’ occurs in the definition of A, then A belongs per 
se 2 to B. If A is predicated of B and A belongs per se 2 to B, then B is predicated 
necessarily of A: all A’s are necessarily B (all odd things are numbers). Since B 
is the subject to which A belongs, cases requiring elaborate and ingenious para- 
phrases (like the line and triangle examples of per se I) may not arise often. Such 
cases can be dealt with by observing that it will be possible to find some necessary 
proposition predicating of A an expression that includes the term ‘‘B.’’ It is worth 
stressing that the directions of necessity are opposite: if A belongs per se I to B 
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and A is predicated of B, then all B’s are necessarily A. If A belongs per se 2 to B 
and A is predicated of B, then all A’s are necessarily B. 

Aristotle’s emphasis on mutually exclusive and exhaustive coordinate per 
se 2 attributes can be expressed as follows. There are cases where A,, A,,. . . A, 
belong per se 2 to B and are mutually exclusive (if x is A,, x is not A, for j # i) 
and exhaustive (if x is a B, then x is A; for some /) of B. His ill-fated doctrine of 
“‘the opposites’’ amounts to a fascination with cases where n = 2, so that A, and 
A, are contradictories. 

If A belongs per se 2 to B, can A be simply an attribute of B, or must it be 
related in some other way? In the initial discussion of the per se 2 relation, I used 
the barbarism ‘‘belongers’’ to avoid prejudging this question. Determining the 
relation between A and B is vital for understanding the role of the per se 2 relation 
in science. Returning to the examples, we might initially think that odd could be 
a species or differentia of the genus number, or an attribute of the subject number. 
There are several reasons against seeing it as a species of number—most obvi- 
ously the clear statement that odd is not a species but a differentia of number 
(Top. IV.2 122b19—20, b23-24). More generally, if A belongs per se 2 to B, A 
belongs to B, but I know of no passage that says a species belongs to its genus.?9 
Moreover, if A is a species of B, ‘‘B’’ occurs (as the genus) in the definition of 
A, and so A and B are already related per se 1. There seems no point in their also 
being related per se 2, and if they were it is scarcely credible that Aristotle would 
not have mentioned it. 

It follows from the Topics passage cited above that a differentia can be 
related per se 2 to its genus. But the examples show that attributes other than 
differentiae can also belong per se 2 to their subjects. On the assumption that the 
division of a genus into species is unique, if even and odd are differentiae of 
number, then prime and composite are not, nor are square and oblong. Therefore 
any attribute whose subject is mentioned in its definition belongs per se 2 to its 
subject. 


Per Se 2 and Definitions of Attributes 


This fact makes the per se 2 relation central to demonstrative science instead of a 
relation Aristotle takes some pains to define and then puts to little use. The oc- 
currence of a subject in the definition of an attribute locates the attribute in the 
subject genus. (We have already seen that a subject is located by being defined in 
terms of another subject [its genus] and by being mentioned in the definitions of 
other subjects [its species].) In definitions of attributes, the subject term corre- 
sponds to the genus term in definitions of subjects. Accepting the argument above 
that prime is an attribute (not a species or differentia) of number, we find that 
Euclid’s definition of prime number as a number that is measured (i.e., divisible) 
by a unit alone*° specifies the subject ‘‘number’’ and the primary?" criterion for 
determining whether a number is prime. Similarly his definition of parallel— 
“straight lines which, being in the same plane and being produced indefinitely in 
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both directions, do not meet one another in either direction’’3*—-specifies the sub- 
ject ‘‘straight lines.’’ These cases show that the subject mentioned in the defini- 
tion may apply more widely than the attribute. In fact, the subject mentioned need 
not even be the most specific subject to which all instances of the attribute belong. 
Euclid defines even-times-odd as the product of an even number and an odd num- 
ber.33 In this case the subject, which appears in the definition of even-times-odd, 
is “‘number,”’ so that even-times-odd is related per se 2 to number; but there is a 
subclass of numbers, namely, even numbers, to which even-times-odd belongs.34 
Thus, if attribute A is related per se 2 to subject B, B need not be the narrowest 
subject to which A belongs. 

Must each attribute, then, be defined in terms of a subject? We would ex- 
pect not. Equilateral can be defined as ‘‘having equal sides,’’ without mention of 
any subject. But in order to ensure that equilateral is an attribute in geometry we 
need to supply or understand a reference to a specifically geometrical subject, 
such as figure.35 Some subject can always be supplied in this way—the subject 
genus term (spatial magnitude for geometry) if no more specific subject will do. 
It follows that each attribute belongs per se 2 to some subject. The subject may 
not occur explicitly in the attribute’s definition, but if it does not, it can be sup- 
plied, and in fact must be supplied in order to locate the attribute in the science’s 
subject genus. 


Per Se 2 and Compound Subjects 


Geometry proves properties of parallel lines; arithmetic proves properties of 
prime numbers, even numbers, and proportional numbers. Since number is a 
subject, prime an attribute, what is the status of prime number?°° It is evidently 
a subject of which further attributes can be proved to hold, but by what right can 
a compound of subject and attribute serve as a subject, and what determines 
whether a given compound can serve in that way? These questions must be an- 
swered for two types of cases—first, those where an attribute is compounded with 
the subject found in its definition (to which it is related per se 2), and second, 
those where it is compounded with a different subject. 

For the first class of cases the per se 2 relation between the attribute and the 
subject legitimates the use of the compound as a subject. In effect, the subject 
term in such a compound is a relatively meaningless tag enabling the attribute to 
be used as a subject. Since all odd things in arithmetic are numbers, compounding 
‘“*number’’ with ‘‘prime’’ does not provide any more information than is implicit 
in ‘‘prime’’ by itself; attributes proved to belong to prime numbers belong to 
prime things. On the other hand, since ‘‘prime’’ is an attribute and demonstra- 
tions prove that attributes belong to subjects, not to other attributes,37 there are 
philosophical as well as grammatical objections to treating ‘‘prime’’ as a subject. 
These objections do not apply to ‘‘prime number,’’ which specifies a subclass of 
the subject ‘‘number,’’ which is itself a legitimate subject for attributes .38 

Once again, the per se 2 relation is unexpectedly important in the structure 
of sciences. Thanks to it, the distinction between subjects and attributes can be 
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maintained, while the number of legitimate subjects for proofs is increased and 
along with it the number of necessary per se linkages between subjects and attri- 
butes that can be proved. 

Equilateral triangle is a typical case of the second kind. Equilateral does 
not belong per se 2 to triangle, since ‘‘triangle’’ does not occur in its definition 
and because there are equilateral figures that are not triangles. As above, I shall 
suppose that figure is the subject either expressed or implied in its definition, so 
that equilateral belongs per se 2 to figure. Now triangle is a subclass of figure. 
Figure, in turn, is a subclass of magnitude, and it is possible to speak of equilat- 
eral magnitudes too. So the kinds of compounds in question conjoin an attribute 
and a subject that is either included in or includes the subject to which the attri- 
bute belongs per se 2. 

The two kinds of compounds behave somewhat differently. When the sub- 
ject is broader than the subject to which the attribute belongs per se 2 (as in 
equilateral magnitude), things are straightforward. Since all equilateral things are 
figures, equilateral magnitude has the same extension as equilateral figure, and 
the same results that hold for equilateral figures also hold for equilateral magni- 
tudes. Since widening the subject term makes no practical difference, we can 
treat such cases simply by replacing the wider subject with the subject to which 
the attribute belongs per se 2. 

The interesting cases are those like equilateral triangle. The questions here 
are, when can a given compound serve as a subject of demonstrations, and by 
what right? Why can equilateral triangle and equilateral quadrilateral serve as 
subjects, but not equilateral circle or equilateral line? Line cannot because it is 
not a figure, but all equilateral things are figures. Equilateral circle cannot be- 
cause there is no such thing. Equilateral triangle and equilateral quadrilateral are 
figures that exist (more precisely, they can be proved to exist). These case studies 
suggest the following doctrine. A compound of a subject (C) and an attribute (A) 
may legitimately serve as a subject of demonstrations when C is a subclass of a 
subject (B) and A belongs per se 2 to B, and the existence of C’s that have attri- 
bute A has been proved.39 

Once again credit for legitimating such compound subjects goes to the per 
se 2 relation. Since it legitimates equilateral figure as a subject and since triangles 
are figures and equilateral triangles exist, equilateral triangles can be subjects of 
proofs just as much as equilateral figures can. 


Perse 3 


1.473b5-10 ‘‘Also [I call per se] that which is not said of any 
other subject, as the walking [thing], being something different, is 
walking and the white [thing], but substance and everything that 
signifies an individual, which are what they are, not being some- 
thing different. Things that are not [said] of a subject I call per se, 
but things that are [said] of a subject [I call] accidents.’ 
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DISCUSSION 

A thing is per se in a third way if and only if ‘‘it is not said of any other 
subject’’; otherwise it is an accident. The first example of an accident is ‘‘the 
walking [thing],’’ an attribute that describes something else, perhaps a person, 
which is its underlying subject. Properly speaking, the person is walking, and the 
description of the person as ‘‘the walking [thing]’’ is misleading. (The point is 
made more neatly in Greek than in English, since the expression ‘‘the walking”’ 
does not require a noun like ‘“‘thing’’ in order to stand as a grammatical subject.) 
The second example reads simply ‘‘the white [thing]’’ (to leuk6n). Since it is 
another example of something that is not per se 3, it is best understood as corre- 
sponding to ‘‘the walking [thing]’’ in its occurrence as an improper subject in the 
first example.4° Spelled out more fully, this example would be ‘‘the white thing, 
being something else, is white’’ or ‘‘the white thing, being something else, is 
walking.’’ These accidents are characterized as [being said] of a subject, in fact 
a subject different from themselves. By contrast, a per se 3 thing is not said of 
any other subject. Thus the first example of an accident stresses that the walking 
thing is something else (perhaps a person). The characteristic of not being said of 
another subject, or equivalently of being what they are without being anything 
different, belongs to ‘‘substance and everything that signifies an individual.’’4' 

The passage calls ‘‘substance (ousia) and everything that signifies an indi- 
vidual (hdsa téde ti sémainei)’’ per se 3, and defines per se 3 items as things that 
are not said of a subject (ta mé kath’ hupokeiménou, sc. legémena; cf. b5-6). It 
is easy to read this passage as marking off substances from items in other cate- 
gories, or primary substances from everything else,4? so that the per se 3 relation 
is only marginally relevant to the theory of demonstrative science. I prefer an 
interpretation that makes it more central. I understand substances and individuals 
as clear cases of per se 3 items, but I see the definition of “‘per se 3”’ as extending 
more widely, to cover subjects in all sciences, even those sciences, like mathe- 
matics, that do not study substances. The distinction between per se 3 items and 
non-per se 3 items is the distinction between the subjects and attributes in each 
science’s subject genus. In the context of a given science, the subjects in its 
subject genus satisfy the definition of per se 3: they do not belong to another 
subject, whereas attributes do belong to them. Moreover, a subject has its attri- 
butes not qua being something different, which is not the case for attributes. 
Triangle has 2R being a triangle, but equilateral has 2R not being what it is, but 
being something different. 


Per Se 4 


1.4 73b10-16 ‘‘That which belongs to each thing on account of 
itself is per se, and that [which belongs] not on account of itself is 
an accident. For example, if there was lightning while someone was 
walking, it was an accident, since it was not on account of his walk- 
ing that there was lightning, but we say this [just] happened. But if 
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it happens on account of itself we say it is per se; for example, if 
something died while its throat was being cut, and died by virtue of 
the cut, [we say] that [it died] on account of its throat’s being cut 
and that it did not [just] happen to die while its throat was being 
cut.”’ 


DISCUSSION 

This passage sits awkwardly in its context. Unlike the other kinds of per se 
relation, this one does not focus on subjects and attributes and their relations. The 
examples present pairs of events (the occurrence of lightning, someone’s walk- 
ing; x’s dying, the cutting of x’s throat). The point is that in one case an event 
(the animal’s dying) happened on account of or because of another event (the 
cutting of its throat), in the other case one event did not happen on account of or 
because of the other. Since there is no suggestion that any of these events hap- 
pened on account of or because of itself, what is the point of calling any of them 
“per se’’? 

“*Per se’’ is contrasted with ‘‘accident’’ (sumbebékés) or ‘‘the accidental’’ 
(kata sumbebékés), which in Greek are forms of the verb ‘‘to happen’’ (sumbai- 
nein). The passage distinguishes between pairs of events where one takes place 
on account of the other and pairs where one ‘‘just happens’’ to take place while 
the other is taking place, calling what ‘‘just happened’’ (sunébé) an accident 
(sumbebékés). The treatment of types of per se relations relevant to demonstra- 
tive science begins with the two most important ones (cf. 73b16—18), and then 
identifies two more by finding different ways of using ‘‘accident’’ (b11, b12; cf. 
b4-5, bg) and ‘‘happen’’ (b13, b15) and opposing a use of ‘‘per se’’ to each of 
these ways, whether the phrase makes linguistic sense or not. 

In any case, since the per se 4 relation has to do with causal sequences of 
events, not per se predications, it is not central to the theory of science, however, 
these causal sequences imply a kind of necessity (any animal of such and such a 
type whose throat is cut in such and such conditions must die), and underlying 
the necessary causal structure are per se I and per se 2 relations, which are the 
proper objects of science. 


Universal 


1.4 73b26~74a3 ‘‘I call universal* whatever belongs in every case 
and per se and as itself. Thus it is obvious that everything universal 
belongs to things of necessity. But per se and as itself are the same; 
for example, point and straight belong to line per se, for also [they 
belong] to line as a line, and 2R belongs to triangle as triangle, for 
also the triangle has 2R per se. The universal belongs? precisely 
when it is shown in any chance case* of what is primary.‘ For exam- 
ple, having 2R is not universal to figure (although it is possible to 
show of a figure that it has 2R, but not of any chance figure, and the 
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person does not use any chance figure in proving [it]; for square is a 
figure, but it does not have 2R). Any chance isosceles [triangle]* has 
2R, but [isosceles] is not primary, but triangle is prior. Now that 
which is shown to be the chance and primary thing having 2R or 
whatever else, it is to this primary subject that it belongs univer- 
sally,‘ and demonstration per se is of this universally, and it is of the 
others in another way and not per se—nor is it of isosceles univer- 
sally, but to a wider extent.’’* 


NOTES ON TRANSLATION 

a. Kathélou dé légo (‘I call universal’’) can also be interpreted “‘Isay. . . 
belongs universally’’ (taking kathdlou as governed in sense by hupdrchéi, b27). 
Kathdélou is used both as an adjective (b32, b34, a1) and as an adverb (hupdrchei 
kathélou, at). An attribute is universal if and only if it belongs universally: A is 
universal to B if and only if A belongs universally to B. 

b. ‘‘The universal belongs’’ means ‘‘A belongs universally to B’’ or ‘‘A is 
universal to B.”’ 

c. ‘‘In any chance case’’ (literally, ‘‘in the chance case’’) keeps the trans- 
lation ‘‘in the case of’’ for epi (73a28, a33, b16). 

d. A more literal translation than ‘‘of what is primary’’ would be ‘‘in the 
chance first [or primary] case,’’ which is too compact in English if not in Greek. 

e. In ‘‘any chance isosceles [triangle]’’ (to d’ isoskelés . . . to tuchén), the 
ability of Greek to omit a subject that is implied in the context is put to good 
advantage. 

f. The clumsy English of ‘“‘now that. . . belongs universally’’ results from 
fidelity to the Greek (ho toinun to tuchdn préton detknutai dio orthas échon é 
hotiotn allo, tovitoi prétoi hupdrchei katholou). The point is that if B is shown to 
be the chance and primary thing to which A belongs, A belongs universally to B. 

g. The lines ‘‘Demonstration per se . . . wider extent’’ contain a number 
of difficulties. ‘‘This’’ refers back to “‘this primary subject’’ in the previous line, 
and ‘‘this,’’ ‘‘the others,’’ and ‘‘the isosceles’’ are grammatically parallel, as are 
“‘per se’’ and ‘‘not per se’’ and as are the occurrences of ‘‘universally.’’ Since 
“‘this primary subject’’ is the primary subject (triangle), it follows that ‘‘this’’ is 
the primary subject, ‘‘the others’ are failed rival candidates for primary subject 
(isosceles and figure). ‘“The isosceles’’ confirms this: in the “‘nor’’ clause isos- 
celes is an example of ‘‘the others.’’ ‘‘The demonstration is of this universally”’ 
is shorthand for ‘‘the demonstration that has this as the subject of its conclusion 
has as its conclusion a proposition in which the attribute belongs universally.’’43 
The last part means ‘‘the demonstration with ‘‘isosceles’’ as the subject of its 
conclusion does not have as its conclusion a proposition in which the attribute 
belongs universally, but it [the attribute] extends more widely.’’ Since the rela- 
tion isosceles triangle—2R* is per se,*5 and since isosceles is a specimen case of 
“‘the others,’’ Aristotle is not saying that in a way there is demonstration of non- 
per se relations like isosceles triangle—2R. ‘Per se’’ modifies ‘‘demonstration.”’ 
‘Demonstration per se’’ means ‘‘demonstration by definition’ or ‘‘it is the na- 
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ture of demonstration.’’ The passage, then, has the following sense: ‘“The dem- 
onstration that has this as the subject of its conclusion has as its conclusion a 
proposition in which the attribute belongs universally. This is demonstration per 
se. Demonstrations that have the failed rival candidates for primary subject of the 
attribute as the subjects of their conclusions [sc., where the conclusion is a prop- 
osition in which the attribute does not belong universally] are not demonstrations 
per se; for example, the demonstration that has ‘‘isosceles triangle’’ as the subject 
of its conclusion does not have as its conclusion a proposition in which the attri- 
bute [sc., 2R] belongs universally, but the attribute extends more widely.’’ In 
plainer Janguage this means: ‘‘Demonstration per se proves that the attribute 
holds universally of this, and demonstration that it holds of the others is not dem- 
onstration per se. For example, 2R does not hold universally of isosceles triangle, 
but extends more widely.” 


DISCUSSION 

This passage introduces an unusual sense of ‘‘universal’’ (kKathélou), which 
is important in demonstrative sciences. The first sentence appears to be a defini- 
tion or at least a necessary and sufficient condition: an attribute A belongs uni- 
versally to a subject B (A—B is a universal connection) if and only if three con- 
ditions are satisfied: A belongs ‘‘in every case’’ to B (as that expression was 
defined at 73a28—29), A belongs to B per se, (it is not stated which of the four per 
se relations is meant), and A belongs to B ‘‘as itself’’ (héi aut6). Since the first 
two requirements are already well understood (and also, since per se entails ‘‘in 
every case’’), commentators frequently assume that the ‘‘as itself’’ relation intro- 
duces what is distinctive about the universal (Ross, pp. 61, 522)—wrongly so, 
because as the third sentence states, ‘‘per se and ‘as itself’ are the same’’ (b28— 
29), a stipulation that the following examples confirm. (Point and straight belong 
respectively per se 1 and per se 2 to line4* but do not belong universally to line.) 
The first sentence therefore provides necessary but not yet sufficient conditions 
for belonging universally. The second sentence states a consequence of the per 
se requirement. The distinctive feature of the universal relation first appears in 
the fourth sentence: ‘‘when it is shown in any chance case of what is primary 
[préton).’’ ‘In any chance case’’ means no more than ‘‘in every case,’’ but 
“what is primary’’ is a new idea. The example of isosceles shows that if A be- 
longs universally to B then B is the “‘primary”’ or ‘‘first’’ (most general)47 subject 
to which A belongs per se. Primacy (and the allied notion of priority) makes a 
late appearance in the passage but is prominent thereafter (five occurrences in I.4 
and nine in I.5) and carries the weight in the exposition of the star example of a 
universal relation, ‘‘triangle—2R.”’ 

The key characteristic of universal connections is that the subject and attri- 
bute are coextensive. In effect, the ‘‘in every case’’ relation goes both ways. 2R 
belongs universally to triangle but not to figure (which is too wide) or to isosceles 
triangle (which is too narrow). The example is elaborated in I.5, which directs us 
to strip off successive specifications until the attribute no longer holds ‘‘in every 
case.’’48 2R belongs to the bronze isosceles triangle. When bronze and isosceles 
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are stripped off, it still belongs to triangle, but strip off triangle and 2R no longer 
holds ‘‘in every case’’ of the next most general term. Since triangle is the last in 
the series of which 2R holds ‘‘in every case,’’ 2R belongs universally to trian- 
gle.49 When our present passage says that ‘‘it is possible to show of a figure that 
it has 2R,’’ we are to think of a person’s claiming to prove that all figures have 
2R, and using a triangle as his diagram. The proof purporting to show that all 
figures have 2R employs some features the specimen figure has qua triangle, not 
simply those it has qua figure. The point is that proofs employing ekthesis, a 
specimen case, must make use only of features of the case that constitute it as a 
specimen of the desired sort. 

The other main feature of universal connections is that they are per se. 
Triangle is explicitly declared to have 2R per se (b3I—32). But in which of the 
types of per se relations do triangle and 2R stand? To begin with, ‘‘triangle— 
2R’’ is the conclusion of a proof, not an immediate principle; and further, the 
discussion and examples of universal relations in I.4—-5 make it clear that the 
universal relation is conceived of as holding typically of provable*° relations." 
But the per se 1 and per se 2 relations are defined in terms of definition (¢i esti) ,5 
which strongly suggests that only immediate principles can be related in either of 
these ways. It is also clear that the definition of triangle does not mention 2R (so 
that 2R does not belong per se 2 to triangle) and the definition of 2R does not 
mention triangle (so that 2R does not belong per se I to triangle). There are two 
possibilities. Either the per se relation between triangle and 2R is one of the four 
kinds of per se relations discussed in I.4, or it is not.53 I will argue that it is. 

The strategy of the present passage is first to associate ‘‘universal’’ with 
“‘per se’’ and next to make it clear that per se relations extend more widely than 
definitional relations, so as to prepare the way for identifying primacy as the 
distinctive feature of universal relations and expounding ‘“‘primary’’ through an 
example of the nonimmediate, nondefinitional relation triangle—2R. The expres- 
sion ‘‘as itself’? helps make the point that the per se extends beyond the defini- 
tional. In effect it reminds us of the ‘‘natural’’ meaning of ‘‘per se,’’ so that we 
do not make the mistake of construing the accounts of per se I and per se 2 as 
technical definitions. So, point and straight belong per se to line because (gar) 
they belong to it as a line—in virtue of the nature of a line.5+ Similarly, 2R be- 
longs to triangle in virtue of the nature of a triangle, and so belongs to it per se. 
The explicit reference to examples used in the accounts of the per se 1 and per se 
2 relations makes it difficult to accept that Aristotle is introducing a different and 
as yet unheard of kind of per se relation to hold between triangle and 2R. 


Are Conclusions of Demonstrations Per Se? 


It is most natural to read ‘‘what it is’’ as meaning strictly ‘‘definition,’’ for Aris- 
totle speaks not only of belonging in what it is, but also of belonging in the 
account stating what it is (en ti l6gdi tdi légonti ti estin enhupdrchei, 73a36-37, 
and similar expressions at 76a38, b1—2), and this is a definition of ‘‘definition’’ 
(II. 10 93b29, 94a11; cf. II.3 91a1). But a good deal of textual evidence favors a 
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broader interpretation of per se 1 and per se 2. To begin with there are the pas- 
sages that describe conclusions of proofs as per se relations, beginning with 
73b3 1-32 in our passage (among others, also 1.6 75a29—30, a34, I.7 75a41, b1, 
I.9 76a7, a8). Is it likely that immediately after carefully cataloguing different 
types of per se relations he would use the expression in a way not covered by the 
catalogue? If it is different, why not list it as a fifth kind of per se relation along- 
side the four he discusses? 

Second, the argument at of 1.6 74b5—12 (discussed at the beginning of the 
present chapter), where the per se is coextensive with the necessary, asserts that 
the objects of scientific knowledge (the conclusions of demonstrations) are nec- 
essary. Thus, they are per se too. But the per se is viewed simply as per se I and 
per se 2 relations (74b7—10), so the passage somehow includes nonimmediate per 
se connections in the realm of per se I and per se 2 relations. 

There is also positive evidence that Aristotle believed that his character- 
izations of per se I and per se 2 apply to such relations. One passage in 1.22 
reminds us of the importance of per se relations—‘‘For demonstration is of all 
that belongs per se to things.’’—and specifies that things are per se in two ways: 
per se I and per se 2 (84a11—17). Since demonstration is of nonimmedate con- 
nections, it follows that per se 1 and per se 2 must cover more than just defini- 
tional connections. 

This passage also argues that the consequence of a certain type of demon- 
stration is a per se 2 relation: 


1.22 84a14-21 ‘‘.. . for example, being odd, which belongs to 
number, [is per se 2] to number, and number itself belongs as an 
element in the account of it, and again multitude or discreteness be- 
longs as an element in the account of number. Neither of these can 
be infinite, either as odd [is predicated] of number. (For again there 
would be something else [that belongs] to odd, to which it [odd] be- 
longs as an element [in the account of the thing] belonging [to it, 
i.e., odd]. But if this exists, number will belong first as an element 
{in the account of those things] belonging to it (odd). . . )”’ 


DISCUSSION 

The unusual expression ‘‘belongs as an element [in the account of the thing] 
belonging’’ (enhupdrchei hupdrchonti) is used of the per se 2 relation. The point 
is that if x belongs per se 2 to odd, then, since odd belongs per se 2 to number, x 
belongs per se 2 to number. Number is not mentioned in the definition of x, or x 
would belong per se 2 to number without further argument. The per se 2 relation 
is transitive. Since anything odd must be a number and since anything that is x 
must be odd, anything that is x must be a number—a consequence that follows 
because of the natures of x and of oddness specified in their definitions. 


FINALLY, IN II.8 ARISTOTLE speaks of eclipse and thunder as attributes of the 
moon and clouds (93a30—b14). The occurrence of those attributes in those sub- 
jects needs to be explained, since the relations are not immediate. The hunt for 
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the explanations is a hunt for definitions of the attributes since a lunar eclipse is 
a screening by the earth (b7) and thunder is quenching of fire in cloud (b8), and 
these are the accounts (/dgoi, b6, b12) of the attributes. On the other hand, the 
nonimmediate explananda (thunder is a certain noise in clouds and an eclipse is 
a certain loss of light, a22—23)55 are called ‘‘something of the ‘what it is’ ’’ (ti 
tot ti estin).5° Nonimmediate demonstrable relations have “‘something of the 
‘what it is’ ’’ even if they do not include the term or terms actually occurring in 
the definition. APo II.10 even calls this kind of proposition a kind of definition 
(horismés): the ‘‘conclusion of the proof of ‘what it is’ ’’ (94a13-14; cf. a7-8) 
as opposed to either the explanation (‘‘screening by the earth’’), which is the 
middle term in the proof of the conclusion, or the ‘‘rearranged demonstration’’ 
type of definition (‘‘eclipse is loss of light from the moon due to screening by the 
earth,’’ 94a1—7). Thus it appears that Aristotle can call any demonstrable con- 
nection ‘‘something of the ‘what it is’ ’’ and a kind of definition, and claim that 
it is systematically related to indemonstrable definitions (discussed in II.9), 
which are the actual principles of the science.57 

All this amounts to good evidence that Aristotle intended the per se 1 and 
per se 2 relations to cover more than terms occurring in definitions. But even if 
the evidence is rejected, it is possible to question the credentials of the opposing 
view, that only definitional relations are per se I and per se 2. The accounts of 
those two relations at 74a34—b5 are standardly read as definitions—‘‘I call per se 

. ’’58 but need not be. The translations above are deliberately less strong, to 
leave open the possibility that the passages are not defining the per se 1 and per 
se 2 relations but identifying situations in which those relations are found. Some- 
what similarly, 73b26—27 appears to define the universal relation, yet we have 
seen that those lines do not mention the distinctive characteristic of universal 
relations and at best give an incomplete definition. 

If this evidence is accepted, demonstrations prove per se I and per se 2 
relations. What kinds of demonstrations prove what kinds of per se relations? 
APo 1.22 84a14-21 gives some help. Since the per se 2 relation is transitive, a 
demonstration will have a per se 2 conclusion if all its premises are per se 2. This 
may not cover a large number of proofs, and obviously does not cover APo’s 
most prominent example of a provable connection, triangle—2R. I must defer 
discussion of this matter until ascertaining more about the inner workings of dem- 
onstrations.59 

In summary, there is no doubt that provable connections of subject and 
attribute are per se relations. Aristotle labels them ‘‘per se accidents’’®° (1.7 75b1, 
I.22 83b19—20).° Since there is evidence that he believed them to be per se I 
and per se 2 relations and since it is not certain that he intended to define these 
types of per se relations in terms of definitory relations, it is best to suppose that 
the conclusions of proofs do state per se I or per se 2 relations. On the other 
hand, since the conclusions of proofs are per se relations, anyone who rejects the 
present account should conclude that this type of per se relation should be dis- 
cussed along with the other four. 
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In Every Case, Per Se, Universal, and Necessary 


I will conclude by examining the relationships among the ‘‘in every case,’’ the 
“‘per se,’’ the ‘‘universal,’’ and ‘‘necessary’’ relations. A belongs per se to B if 
and only if A belongs necessarily to B (see above p. 84); and if A belongs univer- 
sally to B, A belongs ‘‘in every case’’ (73b26) and per se to B (b27), from which 
it follows that A also belongs necessarily to B (b27—28). 

Aristotle introduces the definitions of ‘‘in every case,’’ ‘‘per se,’’ and ‘‘uni- 
versal’’ as a preliminary to identifying the kinds of principles (1.4 73a24-27). 
The only obvious link between any of the varieties of principles and the relations 
defined in I.4 is between definitions and per se 1 and per se 2 relations, which are 
defined in terms of ‘‘what it is.’’ I have argued that ‘‘what it is’? and ‘‘what 
belongs in what it is’? need to be taken as referring more widely than just to 
definitions and the terms found in definitions, but the notion of definition is 
clearly there. The nondefinitional per se connections of a subject or an attribute 
are those it has as consequences of its definition and definitions of other terms in 
the subject genus. Since necessary relations are per se, and per se relations are 
dependent on definitions, the necessity of scientific facts is definitional necessity: 
scientific facts are true by definition. We shall return to this in Chapter 8. 

The relations between ‘‘per se’’ and ‘‘in every case’’ and between ‘‘in ev- 
ery case’’ and ‘‘necessary”’ are left unexplained. It is safe to say that a necessary 
relation holds in every case and likewise a per se relation holds in every case, but 
the more interesting questions whether relations that hold in every case are nec- 
essary and per se are not raised explicitly, nor does anything in the text determine 
a solution. These issues are irrelevant to APo. A scientific demonstration does 
not just show that its conclusion is necessary, but must show why. Even if neces- 
sity is an extensional concept, it is no explanation of why a connection is neces- 
sary to show that in fact the attribute belongs to every individual or every species 
of the subject for which the attribute holds. An example makes it clear: 
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I.5 74a25-32 ‘‘Even if someone shows of each [kind of trian- 
gle]|—equilateral, scalene, and isosceles separately—by one proof 
or different proofs, that each has 2R, he does not yet know that tri- 
angle has 2R (except in the sophistical way), nor does he know it of 
triangle as a whole, even if there is no other triangle aside from 
these. For he does not know [that 2R belongs to its subject] qua tri- 
angle, nor that every triangle [has 2R], except numerically. But [he 
does] not [know that] every [triangle has it] by virtue of its kind, 
even if there is not any [triangle] that he does not know.”’ 


DISCUSSION 
Knowing something to hold ‘‘numerically’’ (kat’ arithmén, a31) of every 
triangle is the same as knowing it ‘‘in every case’’ of triangles, and this kind of 
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knowledge is not scientific knowledge (although it is entailed by scientific knowl- 
edge). 


CHARACTERISTIC OF UNIVERSAL relations is that the subject and attribute are co- 
extensive, but this does not mean that ‘‘universal’’ is an extensional concept like 
‘tin every case.’’ Since universal relations are per se, a merely numerical ap- 
proach to them is inadequate. They hold on account of the nature, not just the 
extension, of their subjects and attributes. 

The contrast between the universal and the per se suggests that per se rela- 
tions need not be coextensive, so that isosceles triangle—2R would be per se, 
although not universal. (Figure—2R is not per se because 2R is not implicit in 
the definition of figure; this is obvious since there are some figures that do not 
have 2R.) This suggestion would surprise those commentators who think of the 
connection ‘‘isosceles triangle—2R”’ as irrelevant to science, but it agrees with 
what we know about per se relations. Isosceles triangles have 2R necessarily, and 
therefore per se.®3 


Scientific Essences 


CHAPTER VIII 


THE DISTINCTION between principles and provables is basic to the theory of de- 
monstrative science. We have seen that both are per se predications,' that per se 
predications are the same as necessary predications, and that the types of per se 
predications in question, per se I and per se 2, are defined in terms of ‘‘what it 
is’’ (ti esti), which is connected with the notions of definition and essence.? In 
this chapter I will look at the distinction between provable and unprovable pred- 
ications, their interrelations, the notion of essence on which the theory of science 
is based, and the relation between essence and necessity. 

In view of the huge amount of work that has been recently devoted to Ar- 
istotle’s metaphysics and his conceptions of necessity and other modal terms, I 
shall say at the beginning what the present chapter does not do. It does not attempt 
to defend Aristotle’s conceptions of essence, real definition, or necessity, and it 
does not try to compare them with corresponding modern notions. Also, since 
science for Aristotle treats universals and not individuals (or treats individuals 
only incidentally), nothing will be said directly about the vexed issue of individ- 
ual essences, although a good deal of what is said will be relevant to that issue. 
Finally, since Aristotle himself says little directly on these issues, there will be 
‘much less detailed discussion of passages than in previous chapters. My treat- 
‘ment will be based for the most part on the interpretations already reached, es- 
‘pecially in Chapter 7, and will bring out implications of Aristotle’s text. 

The present chapter will explore the metaphysical foundations of the theory 
of science. Little attempt will be made to fit these metaphysical theses into the 
views appearing in such works as Metaphysics, Categories, and De Anima. Many 
of the analytical tools of those works are absent from APo, and the thrust of the 
present treatment cuts across some of Aristotle’s other discussions in ways that 
would take considerable effort and care to tease out. It will be no obstacle to 
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present concerns if some of the metaphysical views of APo are different from 
those of other works. In fact, an account of the metaphysical foundations of the 
theory of demonstrative science may help with other Aristotelian material, since 
it can provide a vantage point from which to view the labyrinth of argument in 
the Aristotelian treatises primarily devoted to metaphysics. 


Scientific Facts 


A passage in 1.63 points to two kinds of facts, per se and per accidens for if it is 
a fact that B is A, then A is predicated of B, and (for a science S)4 A is predicated 
either per se or per accidens of B but not both. (Put otherwise: it is a per se or per 
accidens fact that B is A and that A is related (or belongs) per se or per accidens 
to B.)5 Per se facts are further divided into definitional and nondefinitional ones. 
A definitional per se fact (A belongs to B) is expressed in the principles of S. I 
shall call nondefinitional per se facts derivative facts. Thus, there is a three-way 
division of facts into (1) definitional facts, (2) derivative facts, and (3) other facts. 

Both type (1) and type (2) facts are per se; type (3) facts are per accidens. 
Aristotle sometimes calls both type (2) and type (3) facts accidents, sometimes 
only type (3) facts. When type (2) facts count as accidents, type (2) facts are 
distinguished from type (3) facts as ‘‘per se accidents.’’® 

Since all per se facts are necessary and all necessary facts are per se, type 
(1) and type (2) facts are necessary and type (3) facts are nonnecessary or contin- 
gent. Further, type (1) and type (2) are scientific facts, type (3) facts are not: type 
(1) facts are basic facts expressed in definitions, which are unprovable scientific 
principles, and type (2) facts follow from and are based on the principles; type 
(3) facts are insusceptible of proof and therefore not scientific facts (1.6 75a18— 
21). Finally, since Aristotle defines ‘‘definition’’ as a statement of essence, we 
may call definitional facts essential facts. These observations are summarized on 
the following chart. 


essential { (1) definitional facts 
necessary, per se 


er scientific 
(2) derivative facts 
accidental contingent, per accidens, 
(3) other facts }  nonscientific _ 


Further, since each fact is a connection between a subject and an attribute, we 
may talk of essential, definitional, and derivative attributes of a subject. 

Insofar as scientific knowledge is based on the definitions of the members 
(subjects and attributes) of its subject genus, it is based on essences. The defini- 
tions express essential facts about the things, and the proofs reveal their conse- 
quences. Moreover, derivative and definitional facts are related not merely by 
logical consequence, but equally importantly by real consequence. A derivative 
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fact is necessarily true because the essential facts necessitate it. A scientific proof 
of a derivative fact shows how it follows from the essential facts by showing how 
it is grounded in and due to them.7 


Individuals, Intelligibility, and Per Se Facts 


To get a better grip on the notion of essence in play, consider the relation between 
scientific knowledge and individuals. For Aristotle scientific knowledge notori- 
ously is knowledge of universals, not individuals (1.31 87b38-39), and the prin- 
ciples of sciences are universal (1.8 75b21—22).* The principles and conclusions 
are true always and everywhere (1.31 87b32), whereas particulars are here and 
now (b30).9 There is no unqualified demonstration of individuals (that an individ- 
ual has some attribute or exists), only per accidens demonstration (1.8 75b24— 
26). 

But it is not to be scorned that there is per accidens scientific knowledge of 
individuals. Insofar as an individual falls under universals in a science’s subject 
genus, scientific facts about those universals apply necessarily to it. Insofar as a 
piece of bronze is a triangle, the fact triangle—2R applies necessarily to it. What 
counts is that it is a such (toiotide, 1.8 75634, 1.31 87b29), not a this (tdéde ti, 
t6de; 1.31 87b29, b30, b31). Sciences treat things qua being of a certain sort or 
kind (Met. K.2 1060b21) and so are concerned with individuals only incidentally, 
only insofar as they happen to be of that sort. 

From the point of view of the science,'° the particular is only partly intel- 
ligible. A bronze triangle is comprehensible partly by geometry, partly by natural 
science. As a triangle, it has all the attributes geometry proves triangles to have, 
but its being made of bronze, having a certain density, and so on, features intel- 
ligible to other sciences, are unintelligible from the point of view of geometry. A 
given science, then, treats a particular partially, under one aspect, and ignores 
the manifold other aspects under which it can be considered. 

Suppose an individual, x, qualifies as a subject of science S by being an 
F.'* Some of x’s attributes belong to x qua an F and others do not. This is the 
distinction between per se and per accidens attributes in the context of S. For the 
purposes of S, x is an F, and the attributes of x that are comprehensible by S are 
those belonging to x qua an F. They belong to x per se, through x’s nature as an 
F. The rest are irrelevant. 

By contrast, nothing about its own proper subject matter is irrelevant to S. 
Nothing holding of a triangle qua spatial magnitude is irrelevant to geometry. All 
its spatial attributes are relevant'? and all are per se attributes of triangles, facts 
due to the nature of triangles, that is, the geometrical nature of triangles. 

A science treats an individual qua being of a certain sort, where ‘‘being of 
a certain sort’’ means belonging to the science’s subject genus. Geometry treats 
the piece of bronze qua spatial magnitude. In effect, it asks ‘‘what is it’’ meaning 
“what spatial magnitude is it.’’ The answer ‘‘a triangle’ locates it in the subject 
genus of geometry and so determines its geometrical attributes.'? Similarly, nat- 
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ural science asks ‘‘what is it’’ and means ‘‘what kind of natural body is it?’’ The 
answer ‘‘bronze’’ locates it in the subject genus of natural science, and its loca- 
tion in that subject genus determines its natural attributes. Since one science treats 
a certain aspect of an individual and others treat others, the ‘‘what is it’’ question 
is actually a different question for each science. In each case the question asks 
where the individual is located in the relevant subject genus—what sort of geo- 
metrical, natural, or whatever, thing it is. More specifically it asks what sort of 
geometrical, or whatever, subject it is. In the context of geometry, the right sort 
of answer to the ‘‘what is it’’ question is ‘‘triangle’’ (or ‘‘isosceles triangle’’ or 
“‘figure’’), not ‘‘2R’’ (or “‘a geometrical entity with 2R’’). 


Subjects and Attributes 


I suggested above" that the per se 3 relation makes this distinction: subjects of 
sciences are per se things, and attributes are accidents. Moreover, I.22 contrasts 
statements like ‘‘the triangle has 2R,”’ in which the grammatical subject is a sub- 
ject and the grammatical predicate is an attribute (type I statements) with those 
like ‘‘the [thing with]'> 2R is a triangle,’’ in which the grammatical subject is an 
attribute and the grammatical predicate is a subject (type II statements) (83arff.). 
Type I statements ‘‘predicate,’’ but type II statements ‘‘either do not predicate in 
any way or predicate not without qualification, but incidentally’’ (83a14-17). 
Only the former kind is found in sciences since ‘‘that is how demonstrations 
proceed’ (83a18-21). Scientific propositions (principles and conclusions) are 
type I statements. 

This important distinction between subject and attribute corresponds to the 
substance/accident distinction familiar from the Categories and Metaphysics. 
When no special context is implicit, the ‘‘what is it’’ question is correctly an- 
swered by identifying what kind of substance (as opposed to what quality, quan- 
tity, etc.) the individual in question is (Cat. 5 2b29-36; Met. Z.1 1028a13-18, 
a36—b1). Accidents are predicated of substances but not vice versa (Cat. 5 3aI— 
8), they depend on substances for their being (Met. Z.1 1028a29-31), and so on. 
The passages from I.4 and I.22 that make the distinction between subjects and 
attributes use examples that happen to be substances and accidents. However, in 
those passages we hear more of subjects and predicables (hupokeimenon, katé- 
gorotmenon) than of substances and accidents (ousia, sumbebékéta). To be sure, 
if triangles are not substances, then in the context of discussion envisioned in 
Categories and Metaphysics ‘‘it is a triangle’’ will never be a proper answer to a 
‘‘what is it’’ question, even if that question is asked about a triangular object. 
But in contexts where the metaphysical primacy of substances is not at issue, 
‘‘what is it’’ questions can demand answers in nonsubstance categories.'® In the 
context of science S, to ask what something is is to ask a question expecting a 
certain kind of answer, identifying the thing as a subject in the subject genus of 
S. Once we ascertain what it is, we may go on to ask further questions about it, 
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namely, what its attributes are. Correct answers here will be type I statements: 
for example, ‘‘it (the triangle) has 2R.”’ 


Essence and Necessity 


Suppose x is an individual and in the context of science S x is an F (x is an F and 
F is a subject in the subject genus of S). Further, suppose g,, . . . g,, are the 
essential attributes of F and f,, . . . f, are the derivative attributes. These are the 
attributes of F relevant to S. They belong to all F’s qua F and are treated by S. 
All the other attributes of x are irrelevant to it qua F, and so irrelevant to it qua 
considered by S.'7 They hold of x per accidens (from the point of view of 8). All 
the g; and f, belong to F (and to x qua F) per se and of necessity. The g; are the 
essence of F’, and the f, follow from and depend on the g; (and the other principles 
of S.) We have seen why all the g; and f, belong to F per se and how the distinction 
between principles and conclusions requires the distinction between g; and f,. 
What remains to be shown is why the g; and f, belong to F of necessity. 

The short answer is that the f, belong per se to F, and per se facts are nec- 
essary, a consequence of I.6 74b5-12 (discussed in Chapter 7 above). But that 
passage does not justify the claim that per se facts are necessary, nor does I.4 in 
its account of per se relations. In what follows I will attempt to account for the 
necessity found in science. 

One approach to this problem is to say that the nature of scientific proof 
requires them to be necessary. Since what is known by scientific knowledge is 
necessary (I.2 71b12), it follows that principles as well as conclusions (essential 
as well as derivative facts) are necessary (1.6). If there is scientific knowledge, 
its principles and conclusions are necessary.'* 

But this argument is a bluff. It will not convince anyone who doubts that 
there is anything that qualifies as scientific knowledge in Aristotle’s sense. Why 
should we suppose that there are necessary truths about things? This is a difficult 
problem on which the most thorough treatment to date’ can only make a variety 
of suggestions, none of them entirely convincing. 

A different approach is more closely linked to the APo theory of science 
and to the relation between scientific knowledge and individuals sketched above. 
As before, let S be a science, F a subject in the subject genus of S, g,,.. . 2m 
the essential attributes and f,, . . . f, the derivative attributes of F. Each f, is a 
consequence of one or more of the g; (together with the other principles of S) and 
the set of f, is the maximal set of consequences of the g, (for subject F). It follows 
that all g; and f, are tightly related, in that if the set of all the g; or the set of all 
the f, were any different, the subject would be different from F. This is trivially 
true for the g,,7° but equally true for the f,, since any change in the f, will entail 
some change among the g, from which the f, are proved. 

Thus, if in the context of science S, x is a particular F’, then (1) x has all the 
g, and (2) x has all the f;. (3) If x has all the g;, then x has all the f, and conversely 
(4) if x has all the f, then x has all the g,. Moreover, (5) if a particular x has all 
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the g;, then x is an F, since having all the g, is what it is to be an F. It follows 
from this that (6) if x has all the f,, x is an F. The following diagram represents 
these facts. 


g;: essential facts about F 


subject: F. <I 
tell derivative facts about F 


It follows from this that (7) if x is not an F’, x does not have all the g;, (8) if x does 
not have all the g;, x is not an F, (9) if x does not have all the f,, x is not an F,, and 
(10) if x does not have all the f,, x does not have all the g,. Conversely, (11) if x 
is not an F, x does not have all the f, and (12) if x does not have all the g;, x does 
not have all the f,. And from this it is easy to see that a necessary and sufficient 
condition for x to be an F is for x to have all the g; and f,, all the per se predications 
of F. If it does not, then ipso facto it is not an F. (This does not show that the 
individual, x, necessarily has the g, and f,, but only that ifx is an F, x must have 
the g, and f,, that qua an F’, x must have the g; and f,.) 

Further, the distinction between per se facts and per accidens facts coin- 
cides with the distinction between what is relevant to a given science and what is 
not. From the given science’s point of view, the per accidens facts could change 
without there being any change in the properties it treats. (The triangle could 
become a different color or be heated or moved from one place to another, with- 
out there being any change in its geometrical properties.) But a difference in any 
of its per se properties—in any of the g; or f—would mean it was not the same 
subject of S. The per accidens facts can be described in Aristotelian terms as 
capable of being otherwise, the per se facts as incapable of being otherwise. It 
follows that per se facts are necessary because Aristotle’s basic notion of the 
necessary is ‘‘that which cannot be otherwise’ (Met. A.5 1015a34—36) and this 
is the kind of necessity found in science. Thus: ‘‘Demonstration is of what is 
necessary, for if it is proved without qualification, it cannot be otherwise. Its 
cause is the principles, since the things on which the deduction depends cannot 
be otherwise’’ (Met. A.5 1015b7-—9).?! At the level of universals the nature of the 
necessity is clear. A science treats things insofar as they fall under the universals 
in its subject genus. If x is an F and F is a subject in the subject genus of S, then 
S treats x qua F. And x is an F if x satisfies the definition of F, that is, if it has all 
the g;. Each g, is necessary to F. At the level of universals, the necessity is ab- 
solute and unconditional. Triangles must have 2R. It is also based on the nature 
of the universals in question—the nature specified in the definition. 

At the level of particulars the story is quite different. Insofar as a particular 
falls under a universal treated by a science it must have the necessary attributes 
of that universal. Insofar as x is an F, x must have all the g; and f;. Also, x will 
have other attributes that are not treated by S. (A particular triangle will be made 
of bronze.) These are per accidens from the standpoint of S, and could be other- 
wise without affecting the fact that qua F, x must have all the g; and f,. (The 
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triangle could just as well be made of iron.) All this holds insofar as x is an F, 
but nothing about S forces x to be an F. From the standpoint of the particular, 
scientific necessity is conditional, not absolute. The nature of science in general 
does not require that x be an F or that x remain an F once it is an F, nor does it 
prohibit what is not an F from becoming an F. It does not even guarantee that F’s 
always exist??—only that whenever x is F, x has all the per se attributes of F’s; if 
x lacks any of them then x is not an F. 

Suppose we have a triangular piece of bronze. For geometry it is a triangle; 
for natural science it is bronze. Qua bronze it is fusible and ductile, natural attri- 
butes irrelevant to geometry. Qua triangle it has 2R, a geometrical attribute irrel- 
evant to natural science. Natural science does not require it to have 2R and ge- 
ometry does not require it to be fusible or ductile. But geometry does require that 
qua [bronze] triangle it have 2R, and natural science requires that qua [triangular] 
piece of bronze it be fusible and ductile. Now suppose that its natural attributes 
are put to work: it is melted and recast into another shape, say a square. We now 
have a bronze square, a square piece of bronze with the natural properties of the 
bronze triangle, but different geometrical properties. The necessity imposed by 
geometry requires that a bronze triangle have the essential and derivative per se 
attributes of triangles, but not that the bronze triangle exist. Nor does geometric 
necessity prevent it from undergoing natural changes, since such changes happen 
to it qua bronze and not qua triangle. Thus geometry has nothing to do with the 
conditions under which the bronze triangle continues to exist or when it came 
into existence in the first place. 

This interpretation allows there to be necessary facts dependent on es- 
sences, yet for the world to be populated with perishable individuals that have 
attributes only contingently. It distinguishes two levels: the universal and the 
particular, such that necessity operates on the universal, not the particular level, 
whereas contingency operates on the level of particulars. The two levels are 
linked. Universals do not exist independently of individuals, and individuals are 
not intelligible except as falling under universals. Necessity has both an absolute 
and a conditional character. At the universal level, necessity is absolute: a uni- 
versal must have its essential and derivative per se attributes. Contingency does 
not enter into this level except by the back door. Science S does not recognize 
any attributes of its subjects but their necessary per se ones. A triangle may be 
blue, but its color is irrelevant and indifferent—we might say invisible—to ge- 
ometry. From this point of view, geometrical triangles have no colors. From an- 
other viewpoint they do, since the facts of geometry apply to particular triangles 
that have physical existence, and hence have physical attributes. But even if par- 
ticular triangles have nongeometrical attributes, they do not have them qua tri- 
angles. Likewise if a particular physical object has geometrical attributes, it does 
not have them qua physical object. Any changes it undergoes qua physical object 
(such as being melted and recast into a different shape) may bring with them 
changes in its geometrical attributes too. Thus scientific necessity, which applies 
absolutely to universals, applies only contingently to individuals—only insofar 
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as an individual falls under a universal in the science’s subject genus do the per 
se facts about that universal apply to it.73 

The present chapter has set out the basis of the distinctions between per se 
and per accidens facts and between essential and derivative per se facts. It has 
also suggested a way to understand how essential facts (and consequently deriv- 
ative facts) are necessary. The next two chapters will connect the notion of sci- 
entific essence with that of definition, and so establish the place of scientific es- 
sences among the principles of sciences. 


Definitions, II: 
Form and Content 


CHAPTER IX 


THE DISTINCTION between essential and derivative per se facts is basic to Aris- 
totle’s theory. Essential facts, being immediate and unprovable, must be scien- 
tific principles. Since the only kinds of principles are definitions, axioms, and 
existence claims, the definition of a thing must contain all the essential facts about 
it,' from which (together with the other principles of the science) the derivative 
facts about it are proved. The definition of a subject or attribute, x, will in gen- 
eral be a compound statement of the form “‘x isA, &xisA, &...&xisA,,’’3 
where each of the ‘‘x is A;’’ statements represents an immediate per se relation. | 
shall call this a ‘‘fat definition.’’ However, it is not clear how well this notion of 
definition agrees with Aristotle’s notion (occurring in APo and elsewhere) of def- 
inition by genus and differentiae (“‘G-D definitions’’). But unless G-D definitions 
contain all the essential facts, it will be impossible to prove all the derivative per 
se facts, so that demonstrative sciences will fail to perform their function of ex- 
plicating all the per se relations of their subject genera. 

In this chapter I will examine how APo treats G-D definitions and show that 
it conceives of differentiae in two different ways, neither of which is suitable for 
fat definitions, thus that APo contains a fundamental flaw. I will then take up the 
history of G-D definitions in other works of Aristotle’s and sketch a line of de- 
velopment ending with an approach to G-D definitions in Parts of Animals that 
satisfies the demands of demonstrative science. 

To begin with, APo assumes that definitions will be in the form of genus 
and differentia: 


1.22 83a39-b1 ‘‘‘It will predicated as essence, that is, as genus or 
differentia.” 


II 
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Two passages in APo II.13 envisage a procedure for discovering definitions by 
dividing a genus by successive differentiae. The more important of the two 
(97a23—34) begins as follows:4 


II.13 97a23-26 ‘For constructing a definition through divisions, 
it is necessary to aim at three things: (1) grasping the things predi- 
cated in the essence, (2) arranging these in proper order, and (3) 
[being sure] that these are all.”’ 


The following lines expound the three steps. In (1) we find what predicates are 
essential, in (2) we arrange these in order, and in (3) we check to see if we have 
done (1) and (2) correctly. If so, we have used up the predicates identified in (1) 
and need no more: we have got the genus and all the differentiae. 

Two aspects of this procedure interest us: first, the proper order of differ- 
entiae presupposed by step (2), and second, the method by which essential pred- 
icates are determined. Step (2) is expounded as follows: 


I1.13 97a28-34 ‘‘The proper arrangement will occur if he takes 
the ‘first,’ and this will be the case if what is taken follows? all,® but 
all do not follow it"—for there must be such a one. When this has 
been taken, the same method [is used] forthwith for the terms be- 
low. For that which is ‘first’ of the others will be second and what is 
[‘first’] of the subsequent ones is third. For when the thing above is 
taken away, the next one will be ‘first’ of the others, and similarly 
for the rest.”’ 


NOTES ON TRANSLATION 

a. ‘‘Follows’’ means ‘‘is predicated of all.’’ ‘‘Footed’’ is predicated of 
“*two-footed’’ but not vice versa. 

b. ‘‘AII’’ means ‘‘all the others.’’ 

c. ‘‘All do not follow it’? may mean (in Greek and English) either ‘‘none 
follows it’’ or ‘‘not all follow it.’’ I take it that Aristotle intends the former. 


DISCUSSION 

This passage assumes without proof that essential predicates of x can be put 
into an ordered sequence {A,, . . . A,}, such that for all i,j, if i <j then A, is 
predicated of all A, and A; is not predicated of all A;. Each successive differentia 
of x proves to be a division of its immediate predecessor. A, is the genus of x, 
and the subsequences {A,,A,}, {A,,A.,A,}, . . . specify increasingly narrower sub- 
classes of A, until finally {A,, . . . A,} exactly picks out the things that are x’s. I 
shall call this kind of G-D definition a type A definition. 


WHY SHOULD WE believe that essential predicates can always be put into a type 
A definition? It will depend on how the set of essential predicates is obtained— 


step (1). 
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11.13 97a26-28 ‘‘Step (1) occurs through the possibility of deduc- 
ing that [a predicate] belongs (as with an accident) and of construct- 
ing [the definition] through the genus.”’ 


DISCUSSION 

This last phrase is a reference to Topics IV, which treats methods for deter- 
mining the genus of a given thing. Ross (p. 660) refers also to Topics 1.4 101b18- 
19, which says ‘“‘the differentiae are to be established by the same fopoi as the 
genus.’’ What we look for in Topics IV is directions for obtaining genus and 
differentiae such that the genus and differentiae we obtain (a) are all the essential 
predicates and (b) can be arranged into a type A definition. But we look in vain. 

What we find instead is an array of techniques for refuting or defending 
assertions that one thing is another’s genus, none of which is at all helpful in 
deciding whether a proposed genus belongs in the essence of the definiendum. 
Most of the methods are concerned with variations on the theme that a genus (and 
its genus, etc.) is predicated, and predicated univocally of all individuals of the 
species being defined, of other species as well, and of their subspecies—exten- 
sional features that are insufficient to distinguish essential from derivative per se 
predications. Some methods are useful for distinguishing between genera and 
other predicables, but even these are not helpful in marking off differentiae from 
derivative per se attributes—for example, the method of seeing whether the spe- 
cies admits the account of the genus but not vice versa (IV.I 121a13—14). As if 
to mark the difficulty with the very point we are discussing, the final discussion 
of Topics IV admits that it is hard to distinguish ‘‘what always attends something 
and is not convertible with it’’ from that thing’s genus. It suggests that the person 
trying to establish a definition should try to get away with treating such a predi- 
cate as the genus, and then offers a counterexample useful for a person trying to 
demolish such a claim (IV.5 128a38—b9). Aristotle is virtually admitting that the 
methods of the Topics cannot solve our problem.5 


THE BEGINNING OF APo II. 13 also tells ‘‘how to look for the things predicated in 
the essence’’ (96a22). The method is stated and defended at some length: 


II.13 96a24-b14 ‘‘Some of the things that always belong to each 
thing extend more widely [than it], but not outside the genus. I say 
that those things belong more widely which belong to each thing 
universally, but also to something else. For example, there is some- 
thing that belongs to every three but also to [what is] not a three, as 
being belongs to three and also to [what is] not a number, but also 
odd belongs to every three and belongs more widely (since it also 
belongs to five), but [does] not [belong] outside the genus, since 
five is a number and nothing aside from number is odd. Such things 
should be taken up to the first point where just so many are taken 
that each of them belongs more widely, but all of them together [do] 
not [belong] more widely. For it is necessary that this be the essence 
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of the thing. For example, to every three belong number, odd, and 
prime in both ways—both not being measured by a number and not 
being composed of numbers. Now three is precisely this: number, 
odd, prime, and prime in this way. For each of these—some belong 
to all odds and the final one also to two, but all [together belong] to 
nothing [else]. 

But since we have shown previously that the things predicated 
in the essence are universal (and universals are necessary), and (1) 
since the things taken belong to three in its essence, and in whatever 
other case they are taken in this way, thus (2) three will be these 
things of necessity. That (3) [these taken together are its] essence is 
clear from the following. It is necessary, if this is not the essence of 
three, for it to be a kind of genus, whether or not it has a name. 
Now this will belong more widely than [belonging just] to three, for 
let it be supposed that a genus is such a thing as to belong poten- 
tially more widely. Now if it belongs to nothing else than the indi- 
vidual threes, this will be the essence of three, for let this be sup- 
posed also, that the essence of each thing is the final such predicate 
that holds of the individuals. And so, there will be a similar relation 
for anything else shown in this manner and its essence.”’ 


DISCUSSION 

To begin with, the sample definition of three as ‘‘number that is odd, prime, 
and prime*’’¢ is not a type A definition, since the three differentiae do not identify 
successively narrower sets of things, and since none of them is coextensive with 
the definiendum. | shall call this a type B definition. 

The passage tells us to define x by finding predicates A,,A,, . . . A, such 

* that each A, belongs more widely than to x, and x is the widest subject to which 

all the A; belong. The second paragraph asserts that (1) each A; is an element in 
the essence of x, (2) each A, found in this way belongs necessarily to x, and (3) 
the essence of x is the combination of the A;. It argues for (3) by pointing out that 
x is the widest subject to which all the A;,’s belong, and by postulating that the 
essence of x is ‘‘the final such predicate’ (the combination of all the A;’s as a 
single predicate)’ that holds of all individual x’s. This ‘‘final predicate’’ is coex- 
tensive with x, but coextension is not enough, and Aristotle knows it.® 

The most serious flaw in the passage is that (1) is plainly false. An obvious 
counterexample is the property 2R, which belongs more widely than to isosceles 
triangle, without being part of its essence. Even if we grant that the A; belong 
necessarily to x,° there is not the least guarantee that the A, will be essential rather 
than derivative per se attributes, but such a guarantee is needed to solve the prob- 
lem at hand. 

Further, the method described here is different from that for reaching type 
A definitions, where we take successively narrower differentiae until we reach 
one that exactly covers the desired class; here we find a set of predicates, each of 
which is wider than the desired class. (Hence the two approaches are actually 
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incompatible.) There is no indication of any order to follow in selecting them, 
and no guarantee that the set we reach is unique, only the requirement that the 
widest class of subjects to which they all apply is the desired class. Therefore, 
type B and type A definitions are different from each another. Both of them are 
coextensive with the definiendum, but they approach the definiendum in different 
and incompatible ways. The passage just discussed has received a good deal of 
attention,'° but it is an aberration from Aristotle’s usual view that G-D definitions 
are of type A. I know of no other place either in APo or elsewhere where type B 
definitions appear, and in what follows I shall focus on type A definitions. 


WE HAVE OBSERVED the following four facts. (1) The theory of demonstrative 
science requires a ‘‘fat’’ definition, which includes all the essential predications 
of the definiendum. (2) APo knows only G-D definitions. (3) APo does not pro- 
vide a method of defining that is sufficiently sensitive to the distinction between 
essential and derivative per se facts. (4) APo gives no reason to suppose that a G- 
D definition is a fat definition. 

Indeed there is every reason to suppose that a G-D definition is not a fat 
definition. The purpose of a G-D definition is to distinguish the definiendum from 
everything else (Top. VI.3 140a27—29). Even though the defining terms must be 
naturally prior to the definiendum and more intelligible than it is (Top. V1.4), so 
that not every description that identifies the definiendum qualifies as a defini- 
tion,'! still these requirements do not guarantee that the definition will contain all 
the essential predicates. In fact, in a type A definition only the final differentia is 
coextensive with the definiendum; the others are common to it and all the coor- 
dinate species of the appropriate genus. It follows that the immediate connection 
between a definiendum and its final differentia must be the basis for proving all 
the ‘‘universal’’ connections of the definiendum—a claim badly in need of de- 
fending and one that a frequently occurring example of a definition seems to 
defeat. If man is defined as two-footed terrestrial animal, with animal as genus 
and terrestrial and two-footed as successive differentiae, and if rational is a uni- 
versal per se property of man, there should be some way to infer rational from 
two-footed, or anyway from two-footed terrestrial animal, but this seems most 
improbable. 

The chapters of the Metaphysics devoted to essence and definition (espe- 
cially Z.4-6, 10-12, H.3,6) recognize only type A definitions, '* and approach the 
present issue in basically the same way as Topics and APo."3 


Met. Z.12 1037b29-1038a4 ‘‘[In such definitions] there is nothing 
else in the definition except the first expressed genus and the differ- 
entiae. The other genera are the first genus and the differentiae 
taken together with it; for example, animal is the first [genus], the 
next [genus] is two-footed animal, and again wingless two-footed 
animal,'4 and similarly if it is expressed through more terms. But in 
general it makes no difference if it is expressed through many or 
few, so that neither does it make any difference if it is expressed 
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through few terms or two. Of the two, the one is differentia and the 
other is genus; for example, of two-footed animal, animal is genus 
and the other is differentia.”’ 


DISCUSSION 

In general, if x is defined as G,D,,D,, . . . D,, where G is the first genus 
and the D, are successive differentiae, then G can be regarded as the genus for 
D,, G, D, can be regarded as the genus for D,, and so on. At each level (except 
the first) we have a genus and an immediate differentia of that genus, which 
combine to form a species of the genus, and this species can serve as a genus for 
further differentiation into its own species. In a sense, each differentia implies its 
immediately preceding genus and hence all the previous genera (cf. 1038a29- 
32). 


ARISTOTLE TELLS HOW to take successive differentiae: 


Met. Z.12 1038a9-18 ‘‘It is necessary to divide with respect to the 
differentia of the differentia. For example, footed is a differentia of 
animal; next it is necessary to know the differentia of footed animal 
qua footed, and so winged and lacking wings must not be stated [as 
differentiae] of footed, if a person speaks well, (but he will do this 
through inability), but perhaps cloven-footed and uncloven. For 
these are differentiae of foot, since cloven-footedness is a kind of 
footedness. And [a person speaking well] always wants to proceed 
in this way until he reaches things with no differences. At that point 
there will be as many species of foot as there are differentiae, and 
[the species of] footed animals will be equal [in number] to the dif- 
ferentiae.”’ 


DISCUSSION 

This procedure results naturally from the notion of successive differentia- 
tion, but it makes the problem we are considering even more conspicuous. To be 
sure, the process described will end up at differentiae that distinguish each spe- 
cies from everything else, but how can successive differentiation yield all the 
essential attributes? 


ARISTOTLE NEXT ACCEPTS an important consequence of the foregoing, one that 
was not recognized in Topics or APo: 


Met. Z.12 1038a18-30 ‘“‘If these things are so, it is clear that the 

final differentia will be the essence and definition of the thing, since 
it is necessary not to say the same thing many times (i.e., more than 
once) in definitions, for it is superfluous. But this happens, for when 
someone says two-footed footed animal he has said nothing but ani- 
mal having feet having two feet. And if he divides this by its proper 
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division, he will say it more times, and equally to [the number of] 
the differentiae. If, then, it is differentiae that are differentiated [lit- 
erally, if it is of a differentia that a differentia comes to be], a single 
one, the final one, will be the species and the essence. If [the divi- 
sion] is in accordance with an accident, for example, if a person 
takes white and black as a division of what is footed, there will be 
as many [differentiae] as there are cuts. And so it is clear that the 
definition is a formula composed of the differentiae, and [is] the fi- 
nal of these, at least if [the division is carried out] according to the 
correct [method].”’ 


DISCUSSION 

A proper definition reduces the definiendum to a single differentia: ‘‘the 
final differentia will be the essence and definition of the thing’’ in that it entails 
the prior differentiae and the genus. This is an especially sharp way of inviting 
our problem, for the science of biology requires more essential facts about hu- 
mans than information about their feet. 


ALTHOUGH ARISTOTLE’S THEORETICAL works do nothing to solve the problem, 
there are hints of a solution in the first book of PA. In the rest of this chapter I 
will argue that the discussion in PA I is applicable to the theory of demonstrative 
science and show how it points to a satisfactory solution to the problem of rec- 
onciling the form and content of definitions with the role they play in demonstra- 
tive science. 

PA {has undeniable echoes of APo.'5 Proof (apédeixis) is found in biology. 
It reveals the necessary properties of its subjects and explains ‘‘why’’ they are 
necessary in the appropriate sense of ‘‘why’’ (here, the ‘‘final cause’’). Espe- 
cially relevant are the statements that correct procedure in biological proofs is to 
start with the essence of the subject and show that the essence requires the subject 
to have certain parts, since without them the subject could not be. ‘‘Since this is 
the essence of man, this is why he has these things; for without these parts it is 
not possible for him to be’’ (PA I.1 640a34-35). It is important to know what (i, 
tf esti) the subject being studied is (641a16, a23) as the basis for understanding 
why it has the parts it does. The material nature is less important than the formal 
nature (640b28-29, 642a17), but earlier thinkers failed to realize this and gave 
the wrong sort of explanations, ‘‘since they lacked the notion of essence and of 
defining the being [of things]’’ (to ti én einai kai to horisasthai tén ousian, PA 
I.1 642a25—26). The view that the essence of a subject is the basis for demon- 
Strations that prove that the subject necessarily has certain parts, and that explain 
why it has them, fits well with APo,'¢ though again, it leaves open the question 
how to guarantee that definitions will contain all the information a science needs. 
PA 1.2 and 3 contain materials for an answer. 

Those chapters attack the method of defining species through division by 
dichotomy, in which the genus is divided into two parts, each of them is subdi- 
vided into two, and the process continues until the end products are no longer 


118 CHAPTER IX 


divisible. At this point each species must be found in exactly one place in the 
division, and each place must be occupied by exactly one species (I.3 643a7— 
16). Balme has observed that Aristotle’s arguments’” hold equally against divi- 
sion into more than two differentiae. 

In the sequence of differentiae this method yields, each is a differentiation 
of the previous one. Winged is not divided into tame and wild or into pale and 
dark, which are accidental to the line of division including winged (1.3 643b19— 
23). Divisions carried out in this incorrect way fail to achieve the unity that re- 
sults when a division is done correctly (I.3 643b17—19). 

The distance between PA and Metaphysics appears in their views on the 
kind of unity a division by successive differentiation produces. Metaphysics Z.12 
aims to understand the unity of definitions, and concludes that proper definitions 
are produced by successive differentiation according to a single line of division, 
so that the final differentia implies the others and makes them redundant (or at 
least makes it redundant to state them). The unity of the definition consists in the 
fact that it is reducible to a single term, the final differentia. It is striking that the 
first of many criticisms of division by dichotomy enounced in PA is directed 
against precisely this feature (PA I.2 642b7-9). The criticism is elaborated in the 
following chapter: 


PA 1.3 644a2-8 ‘‘Proceeding successively it reaches the final dif- 
ferentia. . . . This is cloven-footed only, or the entire combination, 
if man is the subject of division; for example, it should form the 
conjunction footed, two-focted, cloven-footed. If man were merely 
cloven-footed, in that case this would prove to be his single differ- 
entia. But as it is, since he is not, there must be many differentiae 
not under a single line of division.”’ 


DISCUSSION 

The hypothetical definition of man can be given as ‘‘footed, two-footed, 
cloven-footed,’’ or merely as ‘‘cloven-footed,’’ which implies footed and two- 
footed.'? Either way, Aristotle objects that man is not merely cloven-footed (or 
indeed footed, two-footed, and cloven-footed). There is more to humans than the 
nature of their feet! 

The right way to proceed is not to take successive differentiations of the 
same line of division or to begin with one line of division and at some point take 
a different tack, such as dividing terrestrial animals into footed and footless, but 
to divide the original genus by many differentiae right from the start (I.3 643b23- 
24). By making use of many differentiae simultaneously, we can group animals 
according to their natural kinds, for instance, birds or fish, whereas some dichot- 
omies split such groups—for example, the division of all animals into terrestrial 
and aquatic groups water birds with fish, an absurd result (1.3 642b10—13; cf. 
b33-34). In fact, the method proposed is nothing unusual, but what ‘‘the many”’ 
do in using a number of criteria in distinguishing birds as one class of animal and 
fish as another (1.3 643bI0—13).7° 
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The new method of division begins with a genus, such as animal, and finds 
a plurality of initial differentiae, A,,A,, . . . A,. Each of these differentiae is the 
beginning of a line of division. For example, A; is divided into differentiae 
A;,,,Aj.2,- - - Aip, and each of these is further divided A;,,, Ajj... - - Aij,g: Sup- 
pose that the division is fully carried out, and call the set consisting of all the 
differentiae (including A,, A, ,, and all further subdivisions) the differentia set; 
and call the set of all the final differentiae reached in each line of division the 
final set. One such division might appear as follows. 


Aun Ay, Aan Axa A3,1 Ag, Ags 


The differentia set will consist of twelve members, all the items below G (the 
genus) on the diagram. The final set will consist of eight members (those items 
that are underlined). When the divisions are fully carried out, it will be possible 
to characterize each species of the original genus, right down to the ultimate 
species, by a unique combination of the A; ;, . . . , and each member of the final 
set will occur in one or more of the characterizations. Further, each species will 
be characterized by n differentiae, one each from the lines of division that start 
from the initial differentiae A,,A,, . . . A,, though as in the case of dichotomous 
division, there will be redundant descriptions that mention not only differentiae 
in the final set but higher differentiae as well. I shall call this a type C definition. 


ARISTOTLE MIGHT HAVE changed his mind for practical reasons or theoretical 
ones. He may have found it difficult or impossible in practice to put his notion of 
a single line of division to use. There may not be enough kinds of feet to go 
around, one for each different kind of animal. This kind of complaint may be 
behind some of his criticisms.? But the reasons given for preferring type C defi- 
nitions are theoretical. ‘‘Footed, two-footed, cloven-footed’’ fails as a definition 
for man not because it fails as a criterion for identifying man, but because man is 
not merely cloven-footed. If the only purpose of division is to distinguish the 
definiendum from everything else,”? there is no force to this objection. But PA I 
maintains that a proper division does more than merely provide criteria to identify 
the definiendum. Even though 2R identifies triangles among plane rectilinear fig- 
ures, it is not a differentia of triangle (PA 1.3 643a28-31). We must divide by 
essential features, not accidental ones, not even per se accidents (a27—28).?3 

A correct definition, then, will state essential features of the species, both 
its genus and the essential characteristics that enable us not only to distinguish it 
from everything else but more. In what follows I will argue that a type C defini- 
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tion contains all and only the essential predications of the definiendum, so as to 
constitute its fat definition. 

That it contains only essential predications (as opposed to both derivative 
per se and accidental predications) emerges from the passages summarized just 
above. The elements of the definition must be essential, not per se accidents, as 
2R is a per se accident of triangles. Why is 2R not essential to triangles? Because 
(as we know from APo) it is derivative: it follows from the unprovable principles 
of geometry, including the definition of triangle. 

Further, a type C definition contains all the definiendum’s essential predi- 
cations. When Aristotle criticizes the definition of man as ‘‘cloven-footed’’ or as 
‘‘footed, two-footed, and cloven-footed,’’ saying that this definition would be 
adequate if man were merely cloven-footed, he does not mean that ‘‘cloven- 
footed’’ is the only thing true to say of man or even that it is the only per se 
attribute of man. If man were merely cloven-footed, man would still be two- 
footed and footed. 

Since a triangle is merely a three-sided rectilinear plane figure, it is rightly 
defined in this way because all its per se attributes can be shown to follow from 
this information about triangles plus the other principles of geometry. Man is not 
merely a cloven-footed thing because there are per se attributes of man that do 
not follow. Since this is so, there must be other differentiae, which come under 
other lines of division. What constitutes an adequate definition? When we have a 


complex of differentiae A,,. . . A, coming from different lines of division such 
that man is merely A,, . . . A,, we have reached an acceptable definition. And 
from what we have seen, it seems that we can say that man is merely A,,.. . A, 


when each of man’s per se attributes is either included among or entailed by A,, 
A). 

The type C definitions produced by the new method of division therefore 
state the scientific essence of the definiendum. The definition includes essential 
predications that are grounds for all derivative per se predications of the defini- 
endum. Since the definitory predicates are essential, moreover, they do not entail 
any accidental predications. This is precisely the role the theory of demonstrative 
science requires for definitions. Hence type C definitions are fat definitions. 

It is interesting that Aristotle states this theory of division and definition not 
in APo but in one of his scientific works, and equally interesting that much of the 
theoretical discussion in which it is embedded has to do with topics relevant to 
the theory of demonstrative science. Reflection on the methods and goals of bi- 
ology may have led him to spot the shortcomings of the APo theory of type A 
definitions. But even if PA I was not written with APo in mind, two results stand: 
the reflections on the nature of definition in PA I address a problem that APo 
invites, and the view sketched in PA I.3 can be easily extended to solve that 
problem. 

Of course, PA is not primarily a theoretical work, and PA I contrasts sharply 
with the remainder. Moreover, the new views on division and definition are not 
set out very clearly or in an orderly way, but seem more like a series of occasion- 
ally inchoate notes than a finished work on biological method. Perhaps Aristotle 
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did not polish these notes because his attention at the time was directed very much 
toward the particular science of biology. At any rate, he did not integrate their 
views on division and definition into APo, where they would fit very nicely. Nev- 
ertheless, in subsequent chapters I shall incorporate these views into the theory 
of demonstrative science, which will remain an Aristotelian theory, but in this 
respect will not be identical with the theory of APo. 


Existence Claims 


CHAPTER X 


THE FINAL KIND of scientific principle is existence claims. In the present chapter 
I will discuss what kinds of existence claims are needed, suggest a role for them 
in the structure of sciences, and consider how well they meet the requirements 
Aristotle places on scientific principles. Finally I will see whether scientific ex- 
istence claims are necessary truths. 

Along with definitions, existence claims are ‘‘proper’’ principles, specific 
to a given science. Whereas the definitions of all the subjects and attributes in the 
science’s subject genus are needed as principles, a smaller number of existence 
claims will suffice. There is no need for principles that posit the existence of 
attributes, whose existence follows from that of the subjects to which they be- 
long. For an attribute to exist is for there to exist a subject that has that attribute. 
In the context of demonstrative science, we are concerned only with per se attri- 
butes whose existence is necessitated by that of their subjects. The theory requires 
principles that posit the existence only of subjects,' and not even for all subjects. 

In Chapter 3 above we saw that APo I dithers on the distinction between 
primitive and derivative subjects.? APo II.1—2, though, is clear that some subjects 
are proved, not assumed, to exist, so that a science’s principles need to include 
existence claims for only some subjects. There we find a fourfold division of 
‘‘things that are investigated.’’ For our purposes, the most important distinction 
is that between determining whether something exists (ei ésti) and whether a sub- 
ject has an attribute (Adri). 


II.1 89b25-33 “‘When we investigate . . . whether the sun is 
eclipsing or not, we are investigating the fact [hdti]. Evidence for 
this is that when we have found that it is eclipsing, our investigation 
is atanend. . . . Some things we investigate in a different way; for 
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example, if a centaur or god is or is not. I mean ‘if it is or is not’ [ei 
éstin é mé] without qualification [haplés], not if it is white or not.”’ 


DISCUSSION 

This passage distinguishes statements that something ‘‘is without qualifi- 
cation’ from statements that something (some subject) has an attribute, and does 
so by a syntactic criterion. The criterion is whether ‘‘is’’ in “‘if x is or is not’’ is 
without qualification or with qualification? which corresponds to our distinction 
between complete and incomplete uses of the verb ‘‘to be.’’ This distinction 
marks off normal subject-attribute propositions from a different kind of assertion, 
which is best understood as an existence claim. 


APo II.2 EXAMINES THE RELATIONS among the kinds of investigations identified 
in II.1. It gives further examples of things concerning which we might investigate 
whether they exist—the moon, earth, sun, or triangle (90a12—13)—and identifies 
these as subjects (a12). Once we know that a subject exists, we investigate ‘“what 
it is’’ (II.1 89b34), which amounts to looking for the ‘‘middle’’ of a proof (the 
nexus of immediate relations that is founded on scientific principles) that it exists 
(IL.2 89b38-goar). Details of this difficult chapter will be taken up below in 
Chapter 15. All we need know for now is that IJ. 1-2 not only distinguishes be- 
tween subject-predicate propositions, but also clearly recognizes proofs of the 
existence of some subjects as a category of demonstration distinct from proofs of 
per se relations between subjects and attributes. We must therefore accept a dis- 
tinction between primitive and derivative subjects corresponding to that between 
essential and derivative facts. It follows that not all subjects are on an equal foot- 
ing; some are superior to others from the point of view of priority and intelligi- 
bility. 


The Role of Existence Claims ~ 


Why are existence claims needed? What is their function in science? Someone 
might argue that sciences can do as well without them as with. If the main interest 
of science is to prove per se relations between subjects and attributes, and if these 
depend on the definitions of the terms involved, existence is irrelevant. The dis- 
tinction between existence claims and per se facts renders existence claims use- 
less in proofs. If the form of a demonstration is ‘‘A belongs per se to B, B belongs 
per se to C, therefore, A belongs per se to C,”’ there simply is no need and no 
room for existence claims in demonstrations. 

I shall respond to this attack on two fronts. First, since existence proofs 
have conclusions of the form ‘‘A’s exist,’’ they need premises of the same form. 
Thus, existence claims are central to one of the main types of proofs recognized 
in APo. 

The second response stems from Aristotle’s views on essence, which is the 
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basis for per se predication. To put the matter simply, things that do not exist do 
not have scientific essences. The key passage goes as follows: 


II.7 92b4-8 ‘‘It is necessary for a person who knows what is [ti 

estin] man or anything else to know also that it exists. (For no one 
knows what the nonexistent is, only what the formula or name sig- 
nifies, when I say ‘goat-stag.’ But it is impossible to know what a 

goat-stag is.)’’ 


DISCUSSION 

The difference between ‘‘what x signifies’’ (ti sémainei) and ‘‘what x is’’ 
(ti esti) is that to know the latter we must know that x exists. The same expression 
will indicate ‘‘what it signifies’’ to one person and ‘‘what it is’’ to another if the 
first does not know that x exists and the second does. Also, if something, like a 
goat-stag, does not exist, no one can know what it is. Hence goat-stags are not 
studied by any science, since if what x is cannot be known, neither can any deriv- 
ative attributes of x. Therefore, things that do not exist are irrelevant to science; 
there is no science of the nonexistent. 


THUS THE DISTINCTION between ‘‘what it is’’ and ‘‘what it signifies,’ together 
with the definition of per se in terms of ‘‘what it is,’’ shows the significance of 
the basic existence claims of a science. A science is the study of things that exist. 
A subject of a science is a member of its subject genus, and a subject genus is a 
genus of existing things.+ 

Existence claims prove to be the existential underpinning that gives defini- 
tions a grip on reality. Even if they did not appear in any proofs as premises, they 
would be presupposed in proofs. The links are straightforward: science deals in 
the per se, the per se depends on ‘‘what it is,’’ and the ‘‘what it is’’ presupposes 
existence. Therefore, some existence claims are needed. 

Briefly stated, the function of the existence claims is to identify existing 
things as subjects for per se predications. Existence claims and definitions coop- 
erate in the task of introducing subjects into a science. The existence claim simply 
states that the subject exists; the definition informs us what kind of subject it is. 
Together they legitimize the subject as a member of the subject genus and locate 
it in the genus. The assertions that lines exist or tigers exist do not tell us what 
sciences study those subjects, to what subject genera they belong. The definitions 
do this much and more. Being told only that lines exist, we do not yet know what 
discipline we are confronting, what context of discourse we are in. But when we 
are told further that a line is ‘‘magnitude continuous in one direction’’5 we know 
both the subject genus (spatial magnitude) and the specific nature of lines.® 

We may think of a demonstrative science as telling a kind of evolutionary 
story, beginning with the simplest, primitive facts and showing how more com- 
plex facts emerge from them. ‘‘In the beginning’’ only the indemonstrable prin- 
ciples are available for use in proofs: the axioms, the existence claims for primi- 
tive subjects, and their definitions, which state ‘‘what it is.’’ The derivative 
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subjects cannot be used, since they are not yet known to exist. Their definitions 
at this stage have only the status of saying ‘‘what it signifies’; only after a deriv- 
ative subject’s existence is proved is its ‘‘what it signifies’’ promoted to ‘‘what it 
is.’’ Likewise for the attributes. Given that a subject exists, the science has to 
prove that it has certain per se attributes, and thus that these attributes exist. Only 
at that point do the definitions of the attributes qualify as indicating ‘‘what it is.”’ 
The work of the science consists in proving the existence of derivative subjects 
and the derivative attributes of both primitive and derivative subjects. 
Aristotle’s choice of words shows sensitivity to this issue: 


I.10 76b3-7 ‘‘Proper things are (a) those things that are assumed 
to exist. . . . They assume that these exist and that they are this. (b) 
The per se attributes of these they assume what each signifies.”’ 


DISCUSSION 
‘*That they are this’’ is best taken as an emphatic way of saying that this is 
their definition (‘‘what it is’’).7 


Existence Claims and the Requirements for Principles 


The next topic is whether primitive existence claims meet the requirements of 
scientific principles. APo I.2 71b20—22 specifies that principles are true, primary, 
and immediate, and also more intelligible than, prior to, and grounds for the 
conclusions.® Primitive existence claims obviously satisfy the first three condi- 
tions. If there is a demonstrative science and it has existence claims that are prin- 
ciples, they must be true. Being primary and being immediate mean being un- 
provable, and by specifying that only primitive existence claims are principles, 
we rule out the possibility of proving them on the basis of other more primitive 
existence claims. We have also seen that they cannot be proved from the defini- 
tions. As indemonstrable principles, they are more intelligible than, prior to, and 
grounds for conclusions based on them. More specifically, primitive subjects can 
reasonably be described as prior to, more intelligible than, and grounds for the 
derivative subjects whose existence is shown to follow from theirs. There there- 
fore appears to be no difficulty in saying that basic existence claims qualify as 
principles on Aristotle’s criteria. 


Existence and Necessity 


Finally, are existence claims necessary truths? Does the theory of science require 
subjects to exist necessarily? Nowhere does APo make this demand in so many 
words. Being necessary is not one of the requirements of principles listed in I.2. 
On the other hand, it is easy to construct arguments to this effect. First, since 
conclusions of demonstrations are necessary (I.2 71b9—12), principles are nec- 
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essary (1.4 73a21-24, 1.6 74b13ff.). And since primitive existence claims are 
principles, they are necessary. A second argument for the same conclusion begins 
with proofs of the existence of derivative subjects. If the existence of a derivative 
subject is a conclusion of a proof, and if conclusions of proofs are necessary, then 
the derivative subject exists necessarily. But then reasoning similar to that of 1.6 
74b26—32° will show that the primitive subjects exist necessarily too. 

To leave the matter at this stage is to endanger Aristotle’s whole enterprise. 
If the objects of science exist of necessity, then precious few disciplines can qual- 
ify as sciences. Even for Aristotle, astronomy and theology will be the only se- 
cure sciences, since the stars and god exist eternally and therefore of necessity.'° 
The changing sublunary world can be squeezed in only by special pleading. For 
example, it is the species of animals that exist eternally and of necessity, not the 
individuals. Geometry does not fare any better, since the existence of spatial 
magnitudes depends on the existence of things with certain shapes, and most 
things can perish. The problems this interpretation raises for us today are even 
worse than the ones it raises for Aristotle, since we no longer believe in the eter- 
nity of species. Even those who dispute the evolution of species must admit that 
species may become extinct. And the view that stars and planets exist eternally 
is no longer tenable. On this view, there seem to be no scientific disciplines left 
as serious contenders for being Aristotelian demonstrative sciences. 

Before abandoning the theory, it will be worthwhile to look again at the 
arguments that lead to this uncomfortable result. In the first argument the first 
premise bears investigation: conclusions of demonstrations are necessary. Since 
necessary propositions are per se propositions that depend on “‘what it is,’’ sci- 
entific necessity depends on essence. Given that triangles exist and what triangles 
are, they necessarily have 2R, and this is precisely where APo demands neces- 
sity. It frequently says that subject A must have attribute B, never that subject A 
must exist. Further, since necessity is connected specifically with the per se and 
existence claims are not per se, there is special reason not to think that they are 
necessary. At least the arguments having to do with the necessity appropriate to 
definitions do not apply to them. 

I suggested above that in a proof that an attribute belongs to a subject per 
se, the subject’s existence will not be asserted. It is presupposed in the demon- 
stration, but the premises as well as the conclusion are per se. If the conclusion 
is necessary, the premises are necessary. But that says nothing about the assertion 
that A’s exist, which serves as an ontological prop for the argument and no more. 
Since existence claims introduce subjects for per se predications and do not assert 
anything to be true of them, their role in science is very different from the func- 
tion of definitions. Since this is the only kind of proof clearly envisaged in APo 
I, it is likely that assertions that premises and conclusions of proofs are necessary 
point specifically to the necessity found in and dependent on definitions." And 
so, a solution to the problem for this kind of proof will consist in showing that 
subjects whose existence is not necessary can have necessary attributes. 

There remains the second argument, which addresses existence proofs. If 
the conclusions of all demonstrations are necessary, and some conclusions prove 
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that subjects exist, we have to do with things that exist of necessity. The most 
straightforward way to deal with this argument is to deny the first premise. Only 
some demonstrations have necessary conclusions, namely those already consid- 
ered. Existence proofs do not have necessary conclusions. This procrustean move 
is justified since a proposition is necessary if and only if it is per se,'? and since 
the radical distinction between existence claims and definitions implies that ex- 
istence does not belong to anything per se. 

This interpretation has some hurdles to jump. In particular, in a number of 
places APo declares that properly speaking, there is no demonstration or scientific 
knowledge of perishables (1.8 75b24—25), that the conclusions of scientific dem- 
onstrations are eternal (1.8 75b22—23), and that the objects of science are univer- 
sals, which are ‘‘always and everywhere’ (1.31 87b32—33; cf. b38—39). This is 
good presumptive evidence that subjects exist of necessity. For only things that 
exist necessarily exist always,'3 and unless there is always a subject for the attri- 
bute to belong to, the per se predications that the science proves cannot be eter- 
nal. In what follows I oppose this argument and offer an interpretation of the 
eternal truths of science independent of the eternal existence of subjects. 

In the first place, these passages do not state that the subjects of sciences 
are eternal. Since 1.8 is interested in the universal nature of scientific proposi- 
tions, not subjects (75b21—22, b27—-28), the claim that demonstration and knowl- 
edge are not ‘‘of perishables’’ (things that are not eternal) is meant to hold for 
conclusions of proofs, not subjects. Similarly, even though much of 1.31 applies 
to universal terms as well as propositions, the examples show that again the uni- 
versals intended are propositions that can be conclusions of proofs (87b35-36, 
b39-88a2, 88aI4—16). 

In the second place, the statement that universals are ‘always and every- 
where”’ is found in an argument that universals cannot be perceived: 


1.31 87b28-33 ‘‘Even if perception is of what is of a certain kind 
and not of a particular, it is necessary to perceive a particular at a 
certain place and time.* But it is impossible to perceive that which is 
universal and applies to all.° For it is not a particular or at a certain 
time.* For [if it were] it would not be universal. For we say that 
what is always and everywhere is universal.’’ 


NOTES ON TRANSLATION 

a. The Greek translated as ‘‘A particular at a certain place and time’’ 
means literally ‘‘this and somewhere and now.”’ 

b. ‘‘Applies to all’’ refers to all the particulars that fall under the universal. 

c. The Greek translated as ‘‘a particular or at a certain time’’ means liter- 
ally ‘‘this and now.”’ 


DISCUSSION 
Does the last sentence of this passage imply that the subjects of science are 
eternal? The argument does not require it to. First, if ‘‘always’’ means that the 


128 CHAPTER X 


subject exists eternally, then ‘‘everywhere’’ should mean that the subject exists 
in all places—an absurdity. Second, this sentence justifies the claim that the uni- 
versal,'+ which ‘‘applies to all,’’ ‘‘is not a particular at a certain time’’ (or place). 
And the justification does not require the strong claim that the universal occurs at 
all times and places, only the weaker claim that it occurs wherever and whenever 
the relevant particulars do. Third, it is legitimate to understand ‘‘always and ev- 
erywhere’’ in this way, since the word ‘‘always’’ (aef) has a distributive mean- 
ing, ‘‘on each occasion,” as well as a global one, ‘‘always,’’ so the sentence can 
mean just that the universal occurs ‘‘on each occasion’’ that an appropriate par- 
ticular instance of it occurs. Likewise ‘‘everywhere’’ (pantachoi) can be taken 
distributively: the universal is found everywhere that there is a particular. Aris- 
totle is simply contrasting the particular, which is uniquely locatable in space and 
time, with the universal, which is not uniquely locatable, since it applies to all 
the particulars on each occasion (ae/) and in each location (pantachoii) of their 
occurrence. 


THE SAME INTERPRETATION works for one of the two problematic passages in 1.8: 


1.8 75b33-35 ‘‘Demonstrations and scientific knowledge of things 
that occur repeatedly, such as lunar eclipse, are always, insofar as 
they [demonstrations and scientific knowledge] are of something of 
a certain kind, but are ‘partial’ insofar as they [the things that occur 
repeatedly] are not always.”’ 


DISCUSSION 

This passage distinguishes between a way in which demonstrations and 
scientific knowledge of things that occur repeatedly hold ‘‘always’’ and one in 
which they do not. They hold ‘‘always’’ in that the particulars to which they 
apply fall under a single universal (are ‘‘of a certain kind’’) but not so in that the 
particulars are not ‘‘always.’’ That is to say, demonstration and scientific knowl- 
edge are ‘‘always’’ in the same way that ‘‘universals’’ are always, and strictly 
speaking they apply to universals. They apply to particulars too, which are not 
universal and therefore not ‘‘always’’ (the example given is of especially ephem- 
eral particulars, but the point holds for all), but in that they are conceived as 
applying to a particular, they are only “‘partial,’’ that is, taken only with reference 
to a part of the range of the universal. 


THE OTHER PASSAGE may appear more difficult to gloss in the suggested way: 


1.8 75b21-23 ‘‘It is also clear that if the premises on which the 
deduction depends are universal, also the conclusion of such a dem- 
onstration, that is, unqualified demonstration, must be eternal [ai- 
dion).”’ 


Existence Claims 129 


DISCUSSION 

The word for ‘‘eternal,’’ aidion, is an adjective formed from the word for 
“talways,’’ aei, and it may admit the same distributive use. In fact certain paral- 
lels between I.8 and 1.31 encourage taking it in this way. First, the present pas- 
sage occurs in an argument that universal premises yield eternal conclusions that 
apply to particulars only at a particular time and in a way (75b21—26)—the same 
point about particulars and universals found in I.31.'S Second, both chapters 
speak of particulars as belonging to kinds or sorts and contrast the nature of the 
particulars with that of the sorts (1.8 75b34—35 and 1.31 87b28~—30, both trans- 
lated above). Both passages say that particulars can be considered as particulars 
or as things of a certain kind, as falling under a certain universal. Third, the 
statement at b22 that the conclusion of unqualified demonstration is aidion 
amounts to the same as the statement at 75b34 that demonstrations and scientific 
knowledge are ae. Both passages contrast proper scientific knowledge of univer- 
sals with qualified scientific knowledge of perishable particulars on the grounds 
that when applied to particulars scientific demonstrations and their conclusions 
are not taken in their full generality, but with the qualifications needed to adapt 
them to the limited circumstances of the particulars in question. Unqualified dem- 
onstrations, conclusions of demonstrations, and scientific knowledge are de- 
scribed as being aidion or aei in order to contrast them with their limited appli- 
cability to a given perishable particular. Accordingly, afdion in 1.8 is used in the 
same way as aei, and also in the same way as aei in 1.31. 


So FAR FROM requiring the subjects of sciences to be eternal, 1.8 and I.31 are 
quite clear that the particulars to which scientific propositions apply are not eter- 
nal. The universal premises and conclusions of proofs are ‘‘always and every- 
where,’’ but this means only that they apply to all their individual cases, not that 
there are individual cases of them in all places and at all times. This interpretation 
accords with ontological dependency of universals on particulars since it recon- 
ciles the ‘‘eternity’’ of universal scientific premises, conclusions, and knowledge 
with the temporary occurrence of particular instances. 

Still, science treats particulars not qua particulars, but qua falling under a 
universal, and even though the universal is ontologically dependent on perishable 
particulars, scientific knowledge is primarily of universals and only derivatively 
of particulars. From the epistemological point of view, particulars are dependent 
on universals. Regardless of the ontological backing of existence claims in the 
existence of particulars, then, and regardless of the limited applicability of uni- 
versal scientific propositions to existing particular cases, we still need to under- 
stand just how subjects are introduced into the discourse of a science. We already 
know that the existence claims and definitions cooperate to introduce a subject as 
a subject of a given science. This is done by asserting that it exists and that it has 
certain essential attributes (which are the basis for proving that it has derivative 
per se attributes). We also know that different sciences treat different features as 
relevant and overlook different sets of features as irrelevant.'® Since all sciences 
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treat universals, they will all overlook features relevant to particulars as particu- 
lars. Prominent among these are considerations of time and place.'7 In overlook- 
ing these features, they treat their subjects as timeless and placeless. So, in dis- 
regarding these temporal features, sciences deal with timeless universals, where 
the suffix ‘*-less’’ is a true privative: science deals with its objects irrespective of 
time. 

Now this view of the universal truths considered by sciences fits well with 
the discussion of what it is to be ‘‘in time’’ in Physics IV.12. I quote the relevant 
sections: 


Phys. 1V.12 221b3-5, b23-25, 222a3-6 ‘‘Things which are al- 
ways [dei], insofar as they are always, are not in time, for they are 
not contained by time, nor is their existence measured by time. . . . 
It is also clear that not everything that is not will not be in time, for 
example, all those that cannot be otherwise [sc., than nonbeing], as 
the diagonal [of a square] is commensurable with the side. . . . 
Things that are not include all those whose opposites are always; for 
example, that the diagonal is incommensurable with the side is al- 
ways, and this will not be in time.”’ 


DISCUSSION 

These passages say that the fact that the diagonal of a square is incommen- 
surable with its side is ‘‘always’’ and so is not ‘‘in time.’’'* Also its denial is not 
‘*in time.’’ Since this fact is a theorem of geometry, we may understand the claim 
as holding generally for per se relations. 


SCIENTIFIC FACTS ARE always and are not in time, not because they extend beyond 
any measure of time, so as to be eternal, but because they are timeless. Similarly 
we may suppose that they are everywhere not because their particulars are found 
in every possible location, but because universals are not in space. These are 
consequences of the process of abstraction which yields universals that are legit- 
imate subjects of sciences. 

Since scientific proofs are at the level of universals, they prove attributes 
to belong timelessly in that they belong to universals as such. Moreover, scien- 
tific existence claims are timeless as well. Thus there is no need to require infi- 
nitely long lasting particulars as objects of scientific knowledge, or even infinitely 
long lasting universals. What makes a subject suitable for science is the way it is 
introduced into the discourse of science. Existence claims introduce subjects 
without reference to time, and science treats them timelessly. Thus nothing in the 
nature of demonstrative science requires that subjects exist of necessity, only that 
given their existence (considered timelessly) the attributes proved to belong to 
them belong per se and of necessity. 

But what is involved in considering temporal particulars ‘‘timelessly’’? 
What happens when there are no particulars of the appropriate kind? Do the time- 
less universals wink out of existence, and do propositions about them cease to be 
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true? The question here is not about centaurs and goat-stags, but about eclipses 
when no eclipse is taking place—a case considered in a passage already discussed 
(APo 1.8 75b33~-35). There are demonstrations and scientific knowledge of lunar 
eclipses because they can be considered as a ‘‘such,”’ things of a certain kind. It 
is timelessly true that the earth’s screening the sun’s light produces a lunar 
eclipse, and this timeless truth is what applies to and explains each lunar eclipse 
when it occurs.'? If eclipses of the moon never occurred, there would be nothing 
to be explained or applied to, and the proposition would be science fiction, not a 
scientific fact. It would not be a per se relation and could not be proved.?° 

There may be a residual doubt based on the extinction of species: how is 
the status of the scientific facts about a species affected when the species becomes 
extinct? Does the universal wink out of existence when the last member of the 
species does, and do the necessary, per se truths about that species become false 
or less scientific? Is there no scientific knowledge of dodo birds and dinosaurs? 

The key to the solution is in the existential commitment of timeless univer- 
sal facts. Must one or more individuals always be existing in time and space for 
the corresponding universal fact to enjoy its timeless existence? The answer is 
surely no. The evidence, again, is the assertion that even though there is not 
always a lunar eclipse taking place, still there is demonstration and scientific 
knowledge of eclipses. Eclipses qualify as objects of scientific knowledge be- 
cause they are ‘‘of a sort,”’ and in that way they can be considered timelessly, in 
abstraction from their actual particular instantiations. Thus we can have scientific 
demonstrations and knowledge of lunar eclipses at times when there are no par- 
ticular lunar eclipses in existence. These demonstrations and this knowledge ap- 
ply to those particulars whenever and wherever they occur—in the past, the pres- 
ent, or the future—though their pastness, presentness, or futurity is not part of 
the scientific demonstration or knowledge. 

The case of dodos and dinosaurs is relevantly the same. Dodos formed a 
kind with an essence, and truths about that kind are timelessly true. From this 
point of view, the fact that there are no dodos now is the same as the fact that no 
lunar eclipse is now taking place. The sad fact that there will be no dodos again 
does not affect the issue. The same holds true for dinosaurs. 

However, for thoroughly (as opposed to currently) nonexisting things, it 
turns out differently. If there were never any existing particulars to ground the 
existence of a universal (recall the goat-stag) then there would be no essence, no 
per se relations, and no scientific knowledge or demonstrations. But if there ever 
are such particulars (whether or not there always are), the universal is grounded 
in them and so is subject to appropriate scientific treatment, and this involves 
abstraction of incidental attributes, notably temporal and spatial ones. 

The preceding discussion suggested two complementary interpretations of 
the claim that the universal objects of science are ‘‘always and everywhere.’’ On 
the first, it means that scientific facts apply to all the particulars that fall under 
them. On the second, it means that they are timelessly true. Aristotle would agree 
with both: the universal facts science deals with are expressed without reference 
to time and also apply in all relevant cases. The existence claims for subjects of 
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a science satisfy both these demands. They are grounded in the relevant individ- 
ual cases, and they introduce the subject into scientific discourse as a timeless 
universal, which is the only kind of subject appropriate for necessary, per se 
predications. 

Therefore, the statements that scientific facts are always and eternal do not 
entail that science requires eternally existing particulars. Since necessary and 
eternal scientific facts can apply to non-eternal particulars, there is no need to 
suppose scientific existence claims to be necessary, and so we may hold that 
when Aristotle claims that premises and conclusions of demonstrations express 
necessary truths, he intends them to apply only to per se predications, not to 
existence claims. 


Aristotle’s Principles and 
Greek Mathematics 


CHAPTER XI 


THE PREVIOUS CHAPTERS have shown that APo explicitly recognizes definitions, 
primitive existence claims, and axioms as scientific principles; they have also 
explored the nature of each kind and have suggested a role for each in scientific 
demonstrations. The following chapters will examine different types of proofs 
and how they depend on the principles. The present chapter will compare Aris- 
totle’s principles with the principles of Euclid’s Elements. The purpose is to con- 
sider whether Aristotle’s and Euclid’s types of principles are, if not identical, 
similar enough to justify the use of Euclid’s proofs as models for Aristotelian 
demonstrations. This move is crucial to the interpretation of Aristotelian dem- 
onstrations in the following chapters, since with the Elements in hand it is possi- 
ble to fill in gaps in Aristotle’s exposition and come to an understanding of a 
number of difficult passages in APo. However, since there are differences be- 
tween Aristotle and Euclid, it is necessary to proceed cautiously. For if the dif- 
ferences are important enough, the strategy of using Euclid to illuminate Aristotle 
is illegitimate. I proceed by considering Aristotle’s and Euclid’s relations not 
only to each other but also to pre-Euclidean geometry in an attempt to show, 
within the limits of our extremely limited evidence, that Aristotle’s classification 
of principles is based on the mathematics he knew and that Euclid’s principles in 
Elements I are organized with Aristotle’s classification in mind. The differences 
are mainly imposed by the fact that geometry uses techniques (constructions) in 
its proofs that are not found in all sciences, so that Aristotle’s general theory of 
science requires a more generally applicable concept (existence). When appro- 
priate allowances are made for these differences, Euclid’s proofs can be used to 
understand the nature of Aristotle’s demonstrations. 

Also it has been claimed that ‘‘if the only primary premises of a science 
apud Aristotle’’ are the ones so far identified, ‘‘there just are not enough premises 
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to get any interesting science going, nor indeed anything remotely like an inter- 
esting science.’’' The present chapter will give grounds for thinking that Aristotle 
believed (even if wrongly) that an interesting science could be based on such 
principles; summarily, the grounds are that his principles correspond well with 
those of the geometry he knew, and it cannot be doubted that in the fourth century 
geometry was a subject of very great interest. 

Since the similarities between Aristotle’s principles and Euclid’s have been 
discussed a number of times,? I take up the issue reluctantly, and only for two 
reasons. First, previous treatments have tended to focus on terminology rather 
than the function of the different principles and have not given enough promi- 
nence to certain anomalies in Euclid’s lists of principles. Second, the interpreta- 
tion developed in the preceding several chapters of the nature and roles of the 
different kinds of Aristotelian principles brings a different perspective to the com- 
parison with Euclid. The picture that emerges is complex. The similarities be- 
tween Aristotle and Euclid are too marked to be the result of sheer accident, yet 
the differences preclude the suggestion that Euclid simply followed Aristotle in 
every detail or that Aristotle simply took on board the principles used in the ge- 
ometry he knew. The evidence suggests influence in both directions, and that 
Aristotle and Euclid both made adaptations appropriate to their subject matters. 

The geometry of the Elements is based on three types of principles: defini- 
tions (Adroi),3 postulates (aitémata), and common notions (koinai énnoiai).+ The 
postulates and common notions are as follows:5 


Postulates. Let the following be postulated: 

P1. To draw a straight line from any point to any point. 

P2. To produce a finite straight line continuously in a straight line. 

P3. To describe a circle with any center and distance. 

P4. That all right angles are equal to one another. 

P5. That, if a straight line falling on two straight lines make the in- 
terior angles on the same side less than two right angles, the 
two straight lines, if produced indefinitely, meet on that side 
on which are the angles less than two right angles. 


Common notions. 

CN1. Things which are equal to the same thing are also equal to one 
another. 

CN2. If equals be added to equals, the wholes are equal. 

CN3. If equals be subtracted from equals, the remainders are equal. 


H.D.P. Lee’s influential interpretation® is an attractive approximation: Aristotle’s 
definitions correspond to Euclid’s definitions, Aristotle’s axioms to Euclid’s 
common notions, and Aristotle’s primitive existence claims (hypotheses) to Eu- 
clid’s P1—P3. The first of these correspondences is so obvious to Lee that he does 
not even discuss it. The second rests heavily on Euclid’s CN3, which is identical 
to one of Aristotle’s standard examples of axioms. Euclid’s common notions also 
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satisfy Aristotle’s requirement that axioms be common to more than one science. 
The third relies on the view that in geometry, ‘‘the assumption of the possibility 
of construction is in effect an assumption of existence.’’? P1—P3 are in effect 
assumptions of the existence of straight lines and circles, the basic subjects of 
geometry from which Euclid constructs the rest.* P4 and Ps5 are different in form 
and function from P1—P3, and Lee follows Heath? in assigning them to Euclid 
himself. Thus the correspondence between Aristotle’s principles and Euclid’s 
principles is not perfect, but if we allow that P4 and P5 were not principles of 
geometry in Aristotle’s time and admit that constructibility is the same as exis- 
tence, the fit between Aristotle and the geometry known to him is arguably exact. 

According to Lee,'° ‘‘Aristotle’s account of the first principles of science 
in APo is an account of the first principles of geometry,’’ and his choice of prin- 
ciples is explained by fourth-century geometry, which recognized only the three 
‘Aristotelian’ types of principles. The great success and rapid advances geom- 
etry was enjoying in Aristotle’s time gave him no reason to look for further sorts 
of scientific principles and good reason to think that other sciences would be 
similarly successful if based on the kinds of principles used in geometry. 

I call this account an approximation because it moves too quickly over 
some difficult matters and assumes too easily that the geometry known to Aris- 
totle had principles more or less identical with those of Elements I (excluding P4 
and P5). While acknowledging that certainty on these matters cannot be obtained, 
I believe that more can be said and that the picture of Aristotle copying geometry 
wholesale must be discarded. 

There are three main lines of interpretation regarding the relation between 
Aristotle and geometry. (1) Before Aristotle, the principles of geometry were 
essentially the same as those of Euclid (except for P4 and P5). Aristotle turned to 
the Elements of Euclid’s predecessor Theudius, followed geometrical practice 
closely, and asserted that other disciplines could also be based on the kinds of 
principles found in the geometry he knew, although a certain amount of adapta- 
tion was needed to generalize the theory adequately—hence primitive existence 
claims instead of construction postulates. Aristotle’s contribution was philosoph- 
ical discussion and justification of demonstrative sciences based on the kinds of 
principles found in geometry. Euclid was not influenced by Aristotle’s theoriz- 
ing, but followed established mathematical tradition in his types of principles 
(again, with the exception of P4 and P5)." (2) Before Aristotle, geometers made 
no attempt to identify and classify unprovable principles. Aristotle’s inspiration 
came not from Theudius, but from philosophical sources—Plato and the Acad- 
emy. Hence the stress on definitions and the prominence given to the law of the 
excluded middle and the law of noncontradiction. Hence also the importance of 
existence claims, a survival of Plato’s requirement that sciences study Forms, the 
only fully existing things. On this interpretation philosophy influenced mathe- 
matics, not vice versa. Euclid followed Aristotle’s directions in the principles of 
the Elements, diverging from them only where compelled.'? (3) Euclid’s prede- 
cessors had gone some way toward systematizing geometry and identifying its 
principles. Aristotle drew on their work as a source of ideas. He did not blindly 
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follow geometrical practice, though, but reflection on the nature of proofs and 
principles led him to develop a theory applicable both to mathematics and to other 
subjects, which set them all on a firmer footing. Euclid’s improvements on his 
predecessors are due to his following Aristotle’s advice as far as he could. This 
is an intermediate view, and is the view I support. 


Pre-Euclidean Principles 


To begin with, we must presume that some work had been done toward identi- 
fying principles of geometry before Aristotle. Although the loss of all geometri- 
cal texts from that period makes it impossible to prove the point, Eudemus’s 
statement that Hippocrates of Chios, Leon, and Theudius of Magnesia composed 
books of elements earlier than Euclid'3 indicates that such work had begun. At 
the very least, these ‘‘elements’’ would have presented selections from the geo- 
metrical knowledge available at the time of writing. In general, it is probable that 
they were arranged in order, beginning with more elementary and proceeding to 
more difficult material, although there is no telling how thoroughly this kind of 
systematization was achieved."4 

Nothing yet shows that early writers of elements recognized the need for 
unprovable principles, much less that they classified them in the ways advocated 
by Aristotle and Euclid. But something may have been achieved in this field too. 
Proclus praises Euclid for including a wider range of material in his Elements 
than his predecessors had included in theirs, and for improving some proofs,'5 
but not for originating the conception of principles or for being first to identify or 
classify them. If Proclus had any reason to think that Euclid had done so, he 
would surely have said something, since he is eager to applaud Euclid,"® and is 
‘interested in Euclid’s arrangement of first principles.” 

There is also direct evidence of interest in the foundations of geometry 
among Euclid’s predecessors. Aristotle and other authors give information about 
definitions of mathematical terms used before Euclid.'* Further, Euclid defines a 
number of terms but does not use them (see below), a sign that he took these 
definitions over from his predecessors and did not successfully integrate them 
into his text." 

Second, the axioms. Aristotle refers to ‘“‘the common [principles] that are 
called axioms’’ (1.10 76b14) and ‘‘the things called axioms in mathematics’’ 
(Met. T.3 1005a20) and one of his principal examples of axioms is Euclid’s 
CN3. Also similar principles are stated by Plato at Theaetetus 155a. 

Third, the construction postulates (granting that P4 and P5 are Euclid’s 
innovations). On this topic there are widely diverging views. Heath,?° noting that 
Aristotle gives no instances of geometrical postulates and makes no ‘‘allusion 
recalling the particular postulates found in Euclid,’’ thinks that Euclid formulated 
all the postulates for the first time. Von Fritz believes that Speusippus knew P1— 
P3,7' but his view has been rebutted.” Mueller discusses the evidence and con- 
cludes, ‘‘none of this information seems to me to relate in any specific way to the 
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content of fourth century mathematics.’’?3 Szab6*4 gives credit for PI—P3 to Oen- 
opides, who lived in the later fifth century.?5 But his case is weak.?® 

Another piece of evidence is Plato’s account of the principles of geometry 
and arithmetic in Republic: 


Republic V1 510c3-d3 ‘‘Hypothesizing the odd and the even and 
the figures and three kinds of angles and other things related to these 
in each field, supposing that they know these they make them hy- 
potheses and no longer think that they must give themselves or oth- 
ers any account of these, on the grounds that they are clear to all. 
They begin from these and, systematically proceeding through the 
rest, consistently finish up at the thing they set out to consider.”’ 


But the passage leaves it unclear whether the mathematicians’ hypotheses are the 
objects of geometry,’ or definitions, or existence claims,?* or whether they both 
assert existence and define, and no further light is given by the context. The 
passage would support Lee’s view of Aristotle’s relation to Greek mathematics if 
Plato’s ‘‘hypotheses’’ are existence claims and if the passage accurately reflects 
the mathematical procedure of his day. But uncertainty on both counts is too great 
for the passage to be clear evidence that pre-Euclidean mathematics recognized 
the need for postulates of construction or existence. 


THE PRECEDING DISCUSSION points to the following conclusions about pre-Euclid- 
ean mathematics. That there was interest in identifying basic principles of ge- 
ometry is proved by plentiful evidence of pre-Euclidean definitions of mathemat- 
ical terms and by solid information that mathematicians recognized a kind of 
principle called axioms, which included Euclid’s CN3. I take it for granted that 
these definitions and axioms were used the same way that Euclid uses them. 
There is no clear evidence that mathematicians before Euclid saw the need for 
construction postulates or existence claims, or that they identified a separate class 
of such principles, but equally there is nothing to rule out this possibility. Even 
so, there are sufficient grounds to reject interpretation (2) (see above, p. 135.) 
since it says that pre-Euclidian geometry was unprincipled. Also, since at least 
two of Aristotle’s three kinds of principles bear close relations to pre-Euclidean 
principles, it seems very likely that he was influenced by the mathematics he knew. 


Differences between Aristotle and Euclid 
Reexamining the correspondences between Aristotle’s and Euclid’s principles 
throws further light on the originality of Aristotle’s classification of principles. 


This time I will look for differences instead of similarities. 


Axioms and Common Notions. Aristotle’s principle EQUALS is identical with 
Euclid’s CN3, but his other examples, LEM and LNC, are not found in Euclid. 
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Commentators have ignored the latter examples in their attempts to show that 
Aristotle’s axioms are the same as Euclid’s common notions. However, I have 
argued’? that Aristotle grouped EQUALS with the logical laws as axioms because 
the important thing for the purposes of APo is not their differences but their sim- 
ilarities: they are common to more than one science and they have a special role 
in scientific proofs.3° EQUALS is used in both the arithmetical and the geomet- 
rical books of the Elements, and licenses the inference of one fact from another 
in the way suggested for Aristotelian axioms. 

What about the absence of the logical laws from Euclid’s list of common 
notions? If Euclid was influenced by APo’s discussion of scientific principles, he 
did not follow Aristotle blindly. The logical laws were probably not explicitly 
stated by Euclid’s predecessors. If he followed earlier lists of definitions even 
when they do not tally with his own technical vocabulary," it is unlikely that he 
would have omitted LEM and LNC had they occurred in earlier lists of principles. 
It follows that Aristotle’s including them as axioms is his own contribution. He 
saw that the roles they play in demonstrative sciences are relevantly the same as 
those played by mathematical axioms such as EQUALS, but his source in this 
case was not earlier mathematics but philosophical discussion on the principles 
of thought.2? His reflections on the special character and function of mathematical 
axioms led him to recognize that other principles of this sort apply in all sciences, 
even nonmathematical ones. In this matter Aristotle did not blindly copy contem- 
porary mathematics, but generalized in a way that went beyond his source. 


Hypotheses and Postulates. 1 follow the interpretation that P4 and P5 are Eu- 
clid’s own invention in response to a fault in the theory of parallels known to 
Aristotle.33 On this interpretation, Aristotle is capable of reflecting on and criti- 
cizing geometrical practice, and Euclid’s improvement may be due to Aristotle’s 
influence. 

As for P1—P3, there are reasons not to identify them too closely with Aris- 
totle’s hypotheses, despite claims to the contrary. First, Aristotle says that ge- 
ometry must assume the existence of points and lines (APo I.10 76b5), but P1— 
P3 do not do so. At most they posit the existence of two kinds of lines, not lines 
in general. Second, the existence of points is presupposed, not posited, in P1 and 
P334 (in P3, the given center is a point; cf. defs. 15, 16). P2 presupposes the 
existence of straight lines. Third and most important, constructibility is not the 
same as geometrical existence.35 Although constructibility guarantees the exis- 
tence of what is constructed,3° existence does not entail constructibility, let alone 
constructibility on the basis of PI—P3. For example, it is most implausible that 
controversies over squaring the circle, duplicating the cube, and trisecting the 
angle were focused on the question whether there exist squares, cubes, and angles 
of the required sizes. Assumptions of continuity, such as were frequently presup- 
posed in ancient geometry,” will guarantee that they exist. The problem was, 
rather, whether and how they could be constructed. 

The function of Euclid’s postulates is not to assert existence, but to intro- 
duce geometrical entities in a way suitable for geometry, to allow them to be 
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treated geometrically. Simple assertions of the existence of the basic subjects of 
geometry may be important in the foundations of geometry, but are of limited 
help in the business of geometry, in stating and proving theorems and making 
constructions. If P1—P3 were replaced by assertions that points, straight lines, 
and circles exist, geometry could not get off the ground. What geometry requires 
is the license to construct (or a guarantee of the existence of) certain circles and 
straight lines, not lines and circles in general. A geometrical proof might require 
a line between two given points or a circle with a given point as center and a 
given distance as radius, because this is how it shows the resulting figures to have 
the attributes under consideration.* Indeed, the fertility of Euclidean geometry— 
its profusion of theorems based on so small a number of principles—is largely 
due to its use of constructions.39 

If P1—P3 are more remote from Aristotle’s basic existence claims than they 
are frequently said to be, does it follow that Aristotle’s existence claims have no 
basis in geometrical practice? | think not. Their function is to introduce things 
into the realm of discourse of a science, as subjects for per se predications, in a 
way suitable for the methods and purposes of the science. And mutatis mutandis 
this is the job of geometrical constructions, since the techniques of geometrical 
argument make constructions, not bare existence claims, the appropriate way to 
introduce subjects. P1—P3 introduce geometrical entities of determinate sorts, en- 
tities that satisfy certain definitions. They are used to construct other geometrical 
entities of determinate sorts, and anything constructed in ways permitted by P1— 
P3 becomes a legitimate subject for proofs. Also, the different function in ge- 
ometry between constructions that yield certain lines and figures, and theorems 
that prove results about those lines and figures, is highlighted by differences in 
the way the results to be established are expressed*° and in certain terminological 
distinctions*' (although it would be dangerous to say that these differences are 
not dependent on Aristotle). 

Whether or not construction postulates were formulated before Aristotle, 
he may have recognized the distinctive function of constructions in geometry, 
seen the advantages corresponding procedures would bring to other sciences, and 
generalized accordingly, allowing for existence proofs alongside proofs of per se 
attributes, and connecting these existence proofs with definitions.4? Aristotle’s 
primitive existence claims have the same correspondence to P1—P3.43 

This account leaves open the question whether the need to posit basic en- 
tities was first seen by Aristotle or by pre-Aristotelian mathematicians, and con- 
sequently does not pronounce definitely on either Aristotle’s or Euclid’s original- 
ity. Either way, Aristotle’s theory may have its origin in mathematical 
procedures, though it does not follow mathematics uncritically. If we believe 
with Heath*+ that construction postulates were not formulated before Euclid, Ar- 
istotle’s demand for explicitly stated existence claims for the basic subjects of 
demonstrative sciences is all the more impressive, and in stating PI—P3, Euclid 
may have been following Aristotle’s advice. But even if pre-Aristotelian mathe- 
maticians knew construction postulates, Aristotle still deserves credit for recog- 
nizing the significance of such principles and generalizing accordingly. Whatever 
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the state of postulates and constructions before Aristotle, Euclid’s treatment of 
them corresponds quite closely, mutatis mutandis, to what Aristotle’s theory de- 
mands. 


Definitions. Here the issue is doubly complicated since APo is insufficiently 
clear whether definitions consist of genus and differentia or contain all immediate 
per se relations, and it is difficult to see how Euclid conceived of the proper form, 
content, and role of definitions in geometry. Several features of Euclid’s defini- 
tions need to be borne in mind. (1) Some of the defined terms are not used in 
demonstrations, for example, “‘line, plane,’’ ‘‘surface,’’ ‘‘oblong,’’ and 
‘“‘thomboid’’ (Elements I, defs. 2, 7, 22). (2) Some terms used in the Elements 
are not defined, for example, ‘‘parallelogram,’’ “‘intersection,’’ and ‘‘penta- 
gon.’’45 (3) Although some of Euclid’s definitions are in genus-plus-differentia 
form, others are not, for example, Elements I, definitions I, 3, 5, 11-14, and 16. 
(4) Some of Euclid’s definitions are overdetermined, for example, Elements I, 
definition 17 (‘‘A diameter of the circle is any straight line drawn through the 
center and terminated in both directions by the circumference of the circle, and 
such a straight line also bisects the circle’’), and book VII, definition 7 (‘‘An odd 
number is that which is not divisible into two equal parts, or that which differs 
by a unit from an even number’’). (5) Some of Euclid’s definitions do not appear 
to be definitions at all. Elements I, definition 3 (‘‘The extremities of a line are 
points’’) is ‘‘an explanation that, if a line has extremities, those extremities are 
points’’ and serves ‘‘to connect a point with a line.’’4° (Points and lines have just 
been defined in defs. 1 and 2.) A similar relation holds for definitions 5 and 647 
and book XI, definitions 1 and 2. (6) Some of Euclid’s definitions differ from 
previous definitions in philosophically significant ways. Thus, the definitions of 
point and line (Elements 1, defs. 1-2) as ‘‘that which has no part’’ and ‘‘breadth- 
less length’’ are different from the earlier definitions of a point as the extremity 
of a line and a line as the extremity of a surface, definitions that Aristotle finds 
objectionable for explaining the prior by the posterior (Top. VI.4 141b19-22). 

Do these features of Euclid’s definitions tell us anything about Euclid’s 
relation to Aristotle? (1) and (2) violate Aristotle’s requirement that all (and only) 
subjects and attributes of the science’s subject genus be defined. Even though 
APo requires definitions of basic subjects (point, line) regardless of whether those 
definitions are used in proofs, there is no philosophical justification for including 
definitions of terms that appear nowhere else in the Elements or for failing to 
offer definitions of terms that do. The former discrepancy is most plausibly ex- 
plained as due to carelessness (see above, p. 136). I suppose the latter is due to 
carelessness as well. For there is no mathematical justification for these features 
of Euclid’s definitions, and no reason not to think that Euclid intended to define 
all and only the terms of his science, even if he failed in some cases to do so. I 
therefore do not regard (1) and (2) as seriously conflicting with Aristotle. 

The remaining concerns have to do with the form and content of definitions. 
(3) Many of Euclid’s definitions are in genus-plus-differentia form, but several 
are not. But since APo is unclear on the form definitions must have, Euclid’s 
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definitions that are not through genus and differentia do not violate any clear 
prescriptions. Nor can they be attributed to APo’s influence. 

(4) More interesting are overdetermined definitions. It is possible to think 
of these as Aristotelian ‘‘fat definitions,’’** which specify immediate per se rela- 
tions in addition to those needed to identify the definiendum. Aristotle would 
doubtless disapprove? of redundant definitions like the definition of ‘‘odd,”’ 
which offers alternate specifications either of which implies the other, but defi- 
nition 17 is not redundant in this way. The diameter of a circle can be identified 
either as a straight line drawn through the center of the circle and terminated in 
both directions by the circumference or as a straight line terminated in both di- 
rections by the circumference of a circle and bisecting the circle; there is no need 
to specify both. Further, the fact that the diameter bisects the circle was treated 
by earlier geometers as a proposition requiring proof. Thales is reported to have 
proved it,°° and Proclus offers an argument for it that turns on the first part of 
Euclid’s definitions’ and is probably the proof Thales gave.5* The proof involves 
“‘superposition’’—imagining the circle split on the diameter and one of the two 
parts fitted on the other. This method of proof may have been common in early 
Greek geometry, but it has been argued that Euclid tended to avoid it and used it 
only in those few cases (bk. I, props. 4, 8; bk. III, prop. 24) where ‘‘he had not 
been able to see his way to a satisfactory substitute.’’53 In the present case, the 
substitution consists in appending the proposition about the diameter to the defi- 
nition, i.e., treating it as an unprovable principle.5+ Book I, definition 17 can 
therefore be regarded as a fat definition. 

(5) The relation between definitions 2 and 3 is the same as that between the 
two parts of definition 17: definition 2 defines line and definition 3 states an un- 
provable proposition about lines that is frequently used in proofs. The same holds 
for definitions 5 and 6 and book XI, definitions 1 and 2. Although these propo- 
sitions are stated separately and not simply appended to the definition, as occurs 
in definition 17, not much weight should be placed on this difference, since 
printed texts may not perfectly reflect Euclid’s grouping of definitions.5> In any 
case, the fact that he places them among the definitions is evidence that he con- 
ceived of definitions as doing more than simply identifying terms—a conception 
that accords with Aristotle’s fat definitions.5° 

(6) The fact that Euclid defines line and surface in ways not open to Aris- 
totle’s objections to earlier definitions suggests sensitivity to philosophical issues, 
and to Aristotle’s criticisms in particular. 


A FINAL PIECE of evidence for the relation between Euclid and Aristotle is the 
uniqueness of the threefold classification of principles in Elements I. There is no 
clear evidence that mathematicians before Euclid employed a tripartite division 
of principles. In fact the only pre-Euclidean mathematical text that survives (Au- 
tolycus of Pitane, On the Moving Sphere, dated to the late fourth century) does 
not classify its principles at all,57 although it states several propositions at the 
beginning and uses them as unproved principles in subsequent proofs. Nor is 
Euclid’s precise division found in post-Euclidean mathematical works,°* or even 
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in other works of Euclid himself. Of all the works of Greek geometry, Euclid’s 
Elements (in particular book I and the books that depend directly on book 159 
pays the closest attention to foundational issues. The most obvious explanation 
is that those were live issues in Euclid’s time and he thought it important to take 
account of them in his basic textbook in order to be up to date and provide his 
treatment with a solid basis. His more advanced treatises resemble the works of 
Archimedes in not attempting to state all the principles on which the proofs de- 
pend. On the other hand, we have seen that Euclid’s principles do not readily fit 
into his own tripartite classification. Some definitions require special pleading, 
and P4—P5 are different in kind from P1—P3. Proclus attempts at length to ratio- 
nalize Euclid’s classification,®°° but does not succeed.°® 

We are left with the impression that Euclid set out with the conviction that 
the principles of geometry fall into three kinds and that he squeezed them until 
they fitted. If he did not begin with such a belief, it is hard to understand why he 
did not group his principles in some other way.*? Since there is no good evidence 
that he obtained his threefold classification from earlier geometers, and since his 
classification resembles Aristotle’s as closely as it does, it seems inescapable that 
Euclid was influenced by the doctrine of principles in APo. 


IT Is NOW time to pull together the results of the discussion. The evidence does 
not allow for certainty, but strongly suggests the following historical sequence. 
Pre-Aristotelian geometry certainly knew definitions and at least some of Euclid’s 
common notions, and possibly knew construction postulates. Aristotle’s views 
on axioms and existence claims very likely have their roots in geometrical prac- 
tice (even if geometry had not yet explicitly formulated construction postulates), 
but were also influenced by both philosophical and methodological considera- 
tions, the former having to do with Aristotle’s views on essences and the basic 
laws of reasoning, the latter with the need to produce a theory applicable to all 
branches of theoretical knowledge, not just mathematical subjects. As for the 
importance of definitions, Aristotle must have been influenced heavily by philo- 
sophical concerns that go back at least to Socrates and continued to be a lively 
topic in contemporary discussions. But his belief that all the facts that the science 
proves to hold of its subjects and attributes are due to their definitions may stem 
from his study of the methods of geometrical proof. 

Euclid in turn was strongly influenced by Aristotle’s classification of prin- 
ciples, at least when it came to setting out the foundations of geometry at the 
beginning of his introductory book, the Elements. He took over Aristotle’s tri- 
partite division, but did not follow Aristotle blindly any more than Aristotle un- 
critically followed Euclid’s predecessors. As Aristotle generalized, so Euclid 
specified. His choice of wording in certain definitions shows an awareness of 
philosophical discussion on the appropriate forms of definitions. What I take to 
be his intention to provide definitions of all the specifically geometrical terms he 
uses could easily be due to familiarity with APo. His list of common notions may 
omit LEM and LNC for the reason given by Aristotle himself (1.10 76b16-21)— 
they are too obvious to need stating. Besides, Euclid as a practicing mathemati- 
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cian, even if a mathematician interested in providing sound foundations for ge- 
ometry, may have thought that the logical laws were insufficiently mathematical 
in character to be appropriately included among the principles. The first three 
postulates are related to but importantly different from Aristotle’s existence 
claims, but as was noted above, they presuppose the existence of one of the types 
of the basic geometrical entities (points) and they, but not existence claims, intro- 
duce entities in ways useful in geometrical proofs. 

Why then are P4 and Ps classed as postulates while other principles that 
are not definitions but do not play the role of axioms or basic constructions are 
placed among the definitions? One answer is that P5 is a postulate because it 
amounts to an existence claim (that there exists a point of intersection of nonpar- 
allel straight lines)® and P4 is needed to guarantee the uniqueness of the point of 
intersection. P4 is adjacent to P5 for the same reason that definition 3 is next to 
definition 2 and definition 6 to definition 5. P5 is a postulate because it posits 
existence, even though it is not a construction postulate. This is a further reason 
to think of P1—P3 as related to existence claims and so as a kind of adaptation of 
Aristotle’s hypotheses to the needs of geometry. 

The fit between Euclid’s and Aristotle’s principles is close if not exact—so 
close that Euclid’s axiomatization of geometry suffers. Were it not for Aristotle’s 
strictures he might have seen the advantage of admitting a fourth class of princi- 
ples to include his definitions 3 and 6, and the second half of definition 17. In 
Aristotle’s terminology, these relations would be immediate and nondefinitional 
and would include P4 and perhaps P5 as well. Euclid’s formalization is inade- 
quate, but far more successful than anything else in Greek mathematics. Possibly 
both its strengths and weaknesses are due to Aristotle’s theory. It would be sur- 
prising indeed if an ancient mathematical work satisfied the rigorous standards of 
formalism that appeared for the first time in the nineteenth century. It would be 
even more surprising if Aristotle’s three kinds of principles proved to be all the 
kinds of principles required, since the task he set himself was not simply to state 
rules for formalizing one science, but to identify types of principles that are suf- 
ficient for any science. 

These resemblances permit a qualified affirmative answer to our original 
question, whether Euclid’s principles and Aristotle’s are sufficiently alike to 
ground an attempt to use Euclid’s proofs to understand Aristotle’s theory. In 
Chapter 12 I shall examine two Euclidean proofs. When allowance is made for 
their use of construction postulates instead of existence claims and their nonsyl- 
logistic form, they prove to be helpful and instructive examples of several of the 
features of Aristotelian demonstrations and in particular of the use of the different 
kinds of principles. 


Aristotle’s Demonstrations 


and Euclid’s Elements 


CHAPTER XII 


NEAR THE END of APo Aristotle says he has explained what demonstration and 
demonstrative science are and how they come about (II.19 99b15-—16). It is dis- 
appointing that he never sets out any rigorous demonstrations and analyzes them 
in detail. His examples are schematic, ad hoc, and frequently sloppy. Neverthe- 
less, an examination of arguments Aristotle would count as demonstrations will 
provide a clearer idea of what some of his assertions mean, point out shortcom- 
ings of the theory, and indicate the changes needed to overcome them. 


Chapter 11 ended with the hope that proofs from Euclid’s Elements can 


serve as models of Aristotelian demonstrations. I begin with a simple example. 


Elements 1, Proposition 1 

Dr. Ona given finite straight line to construct an equilateral trian- 
gle. 

D2. Let AB be the given finite straight line. 

D3. Thus it is required to construct an equilateral triangle on the 
straight line AB. 

D4.1. With center A and distance AB let the circle BCD be de- 
scribed [P3]; 

D4.2. again, with center B and distance BA let the circle ACE be 
described [P3]; 

D4.3. and from the point C, in which the circles cut one another, to 
the points A,B let the straight lines CA,CB be joined [P1]. 

D5.1. Now, since the point A is the center of the circle CDB,AC is 
equal to AB [Def. 15]. 

D5.2. Again, since the point B is the center of the circle CAE,BC is 
equal to BA [Def. 15]. 
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Ds5.3. But CA was also proved equal to AB; therefore each of the 
straight lines CA,CB is equal to AB. 
Ds5.4. And things which are equal to the same thing are also equal 
to one another [CN1]; therefore CA is also equal to CB. 
D5.5. Therefore the three straight lines CA,AB,BC are equal to one 
another. 

D6. Therefore the triangle ABC is equilateral; and it has been con- 
structed on the given finite straight line AB. (Being) what it 
was required to do." 


I have indicated the traditional dissection of a Euclidean proof: D1 is a general 
statement of the proposition to be proved, D2 a restatement of the ‘‘given’’ lines 
and figures in terms of a specimen case, D3 a specification of what is to be proved 
in terms of the specimen case, D4 supplementary constructions needed to prove 
the desired result, D5 the proof proper, and D6 the conclusion, which is ‘‘what 
it was required to do.’’3 

Each step of Ds is justified by reference to a definition or acommon notion. 
(In subsequent propositions, previously proved theorems can be used too.) The 
construction postulates are used in D4, not D5. (In subsequent propositions, pre- 
viously justified constructions can be used too.) Let us consider the use of each 
of the three kinds of principles. 

Common Notions. D5.1 and D5.2 having shown that AC = AB and BC 
= AB, in D5.3 CN1 licenses the inference to AC = BC. Even though it does not 
contain any information specifically about geometrical entities, it applies to the 
objects of geometry. It states a fact about equal things, and geometrical lines are 
one type of things that can be equal. 

DEFINITIONS. D5.1 uses the definitions of circle and of the center of a circle 
to infer AC = AB from the fact that C and B are points on a circle with center A. 
Not only do the definitions identify the subjects and attributes of a science, but 
also the information they contain justifies inferences in proofs. 

PosTULATES. The strategy of the proof requires referring to a point (C) not 
given in D2, but having certain relations to A and B, the endpoints of the given 
line, which are given in D2. Also, the proof requires three lines, whereas only 
one is given. The function of the postulates is to license the construction of the 
additional geometrical entities required by the proof. 
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Definitions and construction postulates have other uses as well. P1 under- 
lies the whole theorem. Without a guarantee (based ultimately on the construction 
postulates) that the ‘‘given’’ figures are legitimate, a geometrical proposition 
does not get off the ground. No proof can begin, ‘‘Let ABCD be a square circle.’’ 
The given line AB is a legitimate geometrical object since, given points A and B, 
PI entitles us to construct straight line AB. Definitions underlie proofs in a dif- 
ferent way. For example, in Elements III, the definition of circle is frequently 
used as the basis for proving further properties of circles. In the present case, the 
strategy in D5 is to show that the figure constructed in Dq fulfills the definition 
of equilateral triangle. All of these uses to which Euclid puts his principles match 
the functions of Aristotle’s principles as discussed in previous chapters.* 


THERE ARE THREE big differences between Euclid’s practice and Aristotle’s pre- 
scriptions. (1) Euclid’s proof depends heavily on a diagram; Aristotle does not 
require diagrams. (2) Euclid uses constructions; Aristotle talks of existence. (3) 
An Aristotelian demonstration is a series of syllogisms; Euclid’s proof is not syl- 
logistic. I shall discuss these matters in turn. 


Geometrical Diagrams 


Geometry’s extensive use of diagrams is due to its special nature. Disciplines not 
concerned with spatial aspects of things may well not need diagrams, and a gen- 
eral theory like Aristotle’s need not make a special place for such devices. Aris- 
totle’s only reference to geometrical diagrams, a parenthetical comment in his 
discussion of types of ‘“‘hypotheses,’’ accords with this view: 


1.10 76b39—77a2 ‘‘Nor does the geometer hypothesize things that 
are false, as some declared, saying that one should not make use of 
what is false, but the geometer is saying what is false when he says 
that the line he has drawn is a foot long when it is not a foot long or 
straight when it is not straight. But the geometer draws no conclu- 
sion from the fact that the line he mentioned is this one, but [from 
the fact that] the things indicated by these [diagrams are the things 
he mentioned].’’5 


Aristotle gives a reasonable interpretation of the fact that no harm is done if dia- 
grams are not exact because the proof does not depend on any properties of the 
actual diagram, but only uses it to indicate relevant features. Proofs depend on 
the given information, not the diagram, although the diagram may illustrate or 
suggest certain features appropriate for treatment. 

The following considerations support Aristotle’s view of the use of dia- 
grams in geometry. First, diagrams have heuristic value in discovering geomet- 
rical properties and ways to prove them,° but that fact is irrelevant in presenting 
the results reached by their aid, and it is the organized presentation of such ma- 
terial that Aristotle treats and Euclid displays. 
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Second, demonstrations use diagrams to assist in visualizing how proofs 
work. Especially handy for this purpose is the practice of labeling the parts of the 
diagram on which the proof turns. But neither the labels nor the diagrams are 
necessary. Instead of referring to the given finite straight line as “‘AB,”’ its end- 
points as ‘‘A’’ and ‘‘B,’’ and the point of intersection of the two circles as ‘‘C,”’ 
we can (laboriously) give a description each time. For example, D4.3 becomes 
‘‘Let the straight lines from each of the endpoints of the given line to the point of 
intersection of the two circles be joined.’’ Labeling apart, diagrams help us see 
how proofs work by aiding our spatial intuition. When we draw circles with cen- 
ters A and B and radius AB, our spatial intuition enables us to “‘see’’ that lines 
drawn from A and B to the point of intersection form the missing lines of the 
desired triangle, though this fact still needs to be proved. But even though dia- 
grams may aid our spatial intuition, they do not replace it, and it rather than the 
diagrams is fundamental to geometry. 

Third, the points, lines, and so on, in diagrams are not intended as partic- 
ulars, as unique objects, but as specimen objects characterized by the stated re- 
lations. In the present case, the conclusion holds not only for the given line AB, 
but for any finite straight line. What interest us are not the particular lines in a 
diagram but any lines satisfying the description found in D1 and in a correspond- 
ingly general statement of D4. Thus, we may reasonably think of a diagram as a 
representation of a description of geometrical entities and their relations. When 
Euclid refers to point C, he is of course talking about point C in the particular 
diagram, but he is considering point C just as ‘‘the point of intersection of circles 
whose centers are the endpoints of a given finite straight line and whose radii are 
equal to that line.’’ The circles, points, and lines that make up the diagram are 
considered only as specimen cases of figures that satisfy the descriptions. But it 
follows from this that the descriptions can be substituted for the diagrams without 
loss of information. What counts, therefore, is not the diagram itself, but what it 
represents—it should represent nothing more or less than what is given, and what 
is said about it must apply equally well to any other particular satisfying the 
given.7 

The result of this discussion is that even though Aristotle (quite rightly) 
does not make the use of diagrams a feature of all demonstrative sciences, noth- 
ing in geometry’s use of diagrams hinders us from using geometrical proofs as 
models for Aristotelian scientific demonstrations. Nor is there any reason for him 
to prohibit their use. Diagrams, if correctly used, are valuable devices, but 
mainly as an aid to our spatial intuition. They do not make possible any more 
logical moves in the argument and do not import any more content to the geo- 
metrical situation they depict. 


Existence vs. Constructibility 


Aristotle’s primitive existence claims, while not equivalent to Euclid’s construc- 
tion postulates, nevertheless correspond to them in their function of introducing 
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subjects in a way suitable for scientific treatment.* The Aristotelian version of the 
present theorem would be an existence proof showing that the existence of points, 
straight lines, and circles guaranteed? in PI and P3 entails the existence of an 
equilateral triangle. 

Pi would become: ‘‘there exists a straight line from any point to any 
point’’; that is, given two points, there exists a straight line that has those points 
as its endpoints. P3 would become: ‘‘there exists a circle with any center and 
distance’’; that is, given a point and a distance, there exists a circle with the point 
as center and the distance as radius.'° DI becomes: ‘“‘given a finite straight line, 
there is an equilateral triangle on that line (an equilateral triangle with the given 
line as a side).’’ D2 becomes: ‘‘let AB be the given finite straight line.’’ D3 
becomes: “‘thus it is required to prove that there exists an equilateral triangle 
with side AB.’’ D4 becomes: ‘‘there exists a circle with center A and distance 
AB (sc., as radius).'' There exists a circle with center B and distance AB (sc., as 
radius). There exist lines AC and BC, where C is a point in which the circles cut 
one another.”’ 

Euclid does not prove that the circles intersect’? or that lines AB, AC, and 
BC form a triangle, but as Euclid constructs triangle ABC, so Aristotle can claim 
that triangle ABC exists. 

In D4 the primitive existence claims guarantee the existence of the two 
circles, and therefore of point C and lines AC and BC, and (together with the 
definition of circle) that certain things are true of these entities. They also guar- 
antee that D2 does not require anything not known to exist. 

This second maneuver is therefore straightforward, and it indicates that 
Euclid’s construction postulates play a role in geometry analogous to the role of 
existence hypotheses in Aristotelian demonstrative science (with due allowance 
made for the fact that the postulates permit the construction of certain lines and 
circles—nothing Aristotle says about his existence claims points to an analogous 
use). 

The similarities between the roles of Euclid’s common notions and Aristot- 
le’s axioms and between Euclid’s and Aristotle’s definitions are even closer. The 
common notions and axioms are used to license inferences, and Euclid’s uses of 
definitions, both in identifying the entities of geometry and in providing basic 
information about them for use in proofs, are what Aristotle needs his definitions 
to do. Also the key to existence proofs is the definition of the thing being proved 
to exist,'3 just as the key to the constructions and proof of Elements 1, proposition 
1 is the definition of equilateral triangle. 

This is an important result. Chapter 11 above showed close resemblances 
between the kinds of principles in Aristotle and Euclid; we now know that there 
are also close correspondences between the roles of different kinds of principles 
in proofs. The resemblances are therefore not superficial, but reflect a basic sim- 
ilarity in outlook on how sciences and scientific proofs are structured. Euclid’s 
practice may therefore clarify obscure points in Aristotle’s theory and even sug- 
gest ways to correct and improve the theory as presented in APo. 
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Proofs and Syllogisms 


The remainder of the chapter will explore the differences between Euclid’s rea- 
soning and Aristotle’s syllogistic by seeing what is involved in recasting Euclid’s 
proof into a series of syllogisms. This project addresses two questions. First, can 
each step of the proof be transformed into a syllogism, and second, can the steps 
be arranged in the right way? 

Does Aristotle believe that proofs are syllogistic? At APo I.2 71b18 he says 
that demonstration is a “‘scientific syllogism’’ (sullogismds epistémonikés), but 
the word syllogismés can be translated simply as ‘‘deduction.’’ For in his work 
on logic, Aristotle initially defines ‘‘syllogism’’ as ‘‘discourse or reasoning in 
which, some things having been posited, something other than the things that 
have been laid down follows of necessity by the fact that these are the case—that 
is, follows through these’’ (APr I.1 24b18-21). So, APo I.2 71b18 can be taken 
as saying only that demonstration is a kind of deduction, characterized by the 
requirements imposed on its premises. On general grounds this is a reasonable 
interpretation, for as the deductive-nomological view of scientific explanation 
exemplifies, a theory of scientific reasoning need not specify the logic to be used 
to draw conclusions. 

Still, there is no doubt that the logic of demonstration is the syllogistic 
developed in APr. In the first place the premises and conclusions of demonstra- 
tions are in subject-predicate form, the only form appropriate to syllogistic rea- 
soning. Second, the theory of the syllogism is used extensively in setting out 
details of the theory of demonstrative science. Third, at the beginning of APr 
Aristotle announces that the subject matter of the work is demonstration and de- 
monstrative science (APr I.1 24a1—2) and asserts at the beginning of the last 
chapter of APo that he has discussed syllogism and demonstration (II. 19 99b15). 
The works are meant to be taken together, with the theory of syllogism presented 
as the logic for scientific proof. 

I am not concerned with the issue that provoked a debate between Solmsen 
and Ross and that has been taken up again by Barnes,'* namely, whether Aristotle 
originally conceived of the theory of demonstrative science independently of the 
theory of the syllogism. The subject under discussion is not the genesis of the 
theory of demonstration but the theory itself as presented in APo. And as it ap- 
pears, it presupposes that the logic by which the demonstrations proceed is the 
logic of the syllogistic. 

Some advantages accrue from this fact. The theory of the syllogism enables 
Aristotle to state a number of points clearly and argue them convincingly. For 
example, at I.3 72b37ff. he uses the syllogistic to show how circular arguments 
proceed.'s Similarly, the syllogistic is used in I.15 to show that there are imme- 
diate (atomic) disconnections (negative predications) as well as connections, and 
in I.16-17 to analyze errors in arguments, specifically to point out for different 
forms of the syllogism how a false conclusion follows from one or two false 
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premises.'® In the analysis of demonstrations with negative conclusions in I.21, 
Aristotle examines the syllogistic figures in which negative conclusions occur 
(Celarent, Camestres, Cesare) to show that they cannot introduce an infinite num- 
ber of negative premises.'? APo I.14 employs results of the theory of syllogism 
to make a theoretical point of general relevance to the theory of demonstration, 
that the first figure of the syllogism is the most scientific. In general, the benefits 
gained from the syllogistic are greater detail and precision in both theoretical 
points and particular arguments. The syllogistic makes possible a more concrete 
picture of the way in which demonstrations proceed and how they are best ana- 
lyzed. The results of APr are won by much labor, and Aristotle puts them to work 
in APo. 

But there are disadvantages as well. Corresponding to the gains in specific- 
ity is a loss in generality. Since the syllogistic is inadequate to represent many 
kinds of valid deductive arguments, Aristotle is hitching his wagon to a broken- 
down horse. Before considering the sorts of inadequacies to which the syllogistic 
is subject, it will be useful to consider how Aristotle should be understood when 
he talks of proofs proceeding through the syllogism. Some of his statements make 
the claim that syllogistic proofs are actually used in mathematics. For example: 


1.14 79a17-22 ‘‘Of the figures [of the syllogism], the first is most 
scientific. For the mathematical disciplines construct their demon- 
strations through this figure, for example, arithmetic, geometry, and 
optics, and practically all disciplines that investigate the reason 
why. For either completely, or for the most part and in most cases, 
the deduction of the reason why occurs through this figure.”’ 


If this were true, APo would simply be following the practice of mathematics. 
But it is false. He cannot be talking about past mathematical practice since obvi- 
ously no one used the syllogistic before Aristotle invented it. And all our contem- 
porary or nearly contemporary evidence of mathematical proofs indicates that 
they were not expressed in syllogistic form. Since Aristotle’s claim simply cannot 
be accepted at face value, an obvious way to make sense of it is to take it as 
meaning that mathematical proofs can be put into syllogistic form, and if they 
were they would be in the first figure, for the reasons given in I.14. 

APr 1.23 contains an argument for a thesis entailing the first of these claims: 
““every demonstration and every deduction takes place through the three figures’’ 
(i.e., is syllogistic in form) (40b20—22). The soundness of his arguments for this 
substantial metalogical result need not be discussed here. What is important for 
now is that APr I.23 argues for this view by claiming not that all deductive rea- 
soning in fact is in syllogisms, but that it can be reduced to syllogisms.'* It fol- 
lows that the syllogistic is an adequate logic for the theory of demonstration. 

On this view, the program of the Analytics is clear. First, develop a logic 
that is general and powerful enough to formulate all deductions; second, employ 
it in setting out the theory of demonstration, in order to reap the benefits described 
above. As Lear points out,'® the syllogistic can be seen as playing a role analo- 
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gous to that of the predicate calculus in modern logic. It provides a precise model 
of reasoning that is supposed to be adequate to represent informal mathematical 
proofs and that, because of its precision, can be shown to have proof-theoretical 
results that apply to the mathematical proofs it can be used to formalize, even if 
no effort is actually made to formalize them. The claim that the predicate calculus 
is adequate to formalize informal mathematical proofs is substantiated by for- 
malizing some mathematical proofs. But Aristotle takes another tack, the meta- 
logical arguments in APr 1.23, which provide a theoretical reason to accept the 
thesis that all deductive arguments and therefore all scientific deductions can be 
syllogized. 

In considering how far it is possible to syllogize a scientific demonstration, 
I shall discuss Euclid’s proof of triangle—2R (Elements I, prop. 32), which is 
either the same as the proof known to Aristotle or quite similar.?° 


Elements |, Proposition 32 

D1. In any triangle, if one of the sides be produced, the exterior an- 
gle is equal to the two interior and opposite angles, and the 
three interior angles of the triangle are equal to two right an- 
gles. 

D2. Let ABC be a triangle, and let one side of it BC be produced to 
D. 

D3. I say that the exterior angle ACD is equal to the two interior and 
opposite angles CAB,ABC, and the three interior angles of the 
triangle ABC,BCA,CAB are equal to two right angles. 

D4. For let CE be drawn through the point C parallel to the straight 
line AB [I.31]. 

D5.1. Then, since AB is parallel to CE, and AC has fallen upon 
them, the alternate angles BAC,ACE are equal to one another 
{I.29]. 

D5.2. Again, since AB is parallel to CE, and the straight line BD 
has fallen upon them, the exterior angle ECD is equal to the 
interior and opposite angle ABC [1.29]. 

D5.3. But the angle ACE was also proved equal to the angle BAC; 
therefore the whole angle ACD is equal to the two interior and 
opposite angles BAC,ABC. 

D5.4. Let the angle ACB be added to each; therefore the angles 
ACD,ACB are equal to the three angles ABC,BCA,CAB. 
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Ds5.5. But the angles ACD,ACB are equal to two right angles [I.13]; 
therefore the angles ABC,BCA,CAB are also equal to two 
right angles. 

D6. Therefore etc. Q.E.D.?! 


The following analysis is based on a curious work of the sixteenth century by 
Herlinus and Dasypodius entitled Analyseis Geometricae sex librorum Euclidis,?* 
which puts the first six books of Euclid’s Elements into syllogisms.?3 In Herli- 
nus’s version syllogisms appear only in D5, which proceeds as follows: 


The apédeixis. Six syllogisms. 

SIA. A straight line falling on parallel lines makes the alternate an- 
gles equal to one another. 

S1B. The straight line AC falls on parallel straight lines AB,CE. 

SIC. Therefore, angle ACE is equal to angle CAB. 

Explanation. The major is proposition 29. The minor is known from 
the kataskeué [part (4)]. 


S2A. A straight line falling on two parallel straight lines makes the 
exterior angle equal to the interior and opposite angle on the 
same side. 

S2B. The straight line BD falls on parallel straight lines AB,CE. 

S2C. Therefore, angle ECD is equal to angle ABC. 

Explanation as above. 


S3A. If equals are added to equals, the things that result are equal. 

S3B. Angle ACE is equal to angle CAB: and angle ECD is equal to 
angle ABC. 

S3C. Therefore, the whole angle ACD is equal to the two angles 
CAB ,ABC. 

Explanation. The major is a common notion. The first part of the 
minor is the conclusion of the first syllogism. The last part is 
the conclusion of the second syllogism. 


S4A. If equals are added to equals, the things that result are equal. 

S4B. Angle ACD is equal to the two angles CAB,ABC. And angle 
BCA is common. 

S4C. Therefore, the two angles ACD,ACB are equal to the three an- 
gles CAB,ABC,BCA. 

Explanation. The major is a common notion. The first part of the 
minor is the conclusion of the third syllogism. The last part is 
known per se. 


S5A. A straight line standing on a straight line and making angles, 
makes those angles equal to two right angles. 
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S5B. The straight line AC standing on the straight line BD makes 
angles ACD,ACB. 

S5C. Therefore, the angles ACD,ACB are equal to two right angles. 

Explanation. The major is proposition 13. The minor is known per 
SC. 


S6A. All right angles are equal to one another, and things that are 
equal to the same thing are equal to one another. 

S6B. The three angles CAB,ABC,BCA are equal to the two angles 
ACD,ACB. And the two angles ACD ,ACB are equal to two 
right angles. 

S6C. Therefore, the three angles CAB,ABC,BCA are equal to two 
right angles. 

Explanation. Each part of the major is a common notion. [Actually 
the first part is P4.] The first part of the minor is the conclu- 
sion of the fourth syllogism. The last part is the conclusion of 
the fifth syllogism. 


Herlinus then restates relevant parts of syllogisms 4 and 6, and then abbreviates 
the general statement of the conclusion: 


The sumpérasma. 

Angle ACD is equal to the two angles CAB,ABC and the three an- 
gles CAB,ABC,BCA are equal to two right angles. 

Therefore, in any triangle, etc. Q.E.D. 


This version of the proof has a number of shortcomings from the point of view of 
the syllogistic. To begin with, Aristotle states that a premise is an affirmative or 
negative statement of one thing (A) about one thing (B).?4 In the case of affirma- 
tive statements, A belongs to (hupdrchein) or is predicated of (katégoreisthai) B. 
Since each syllogistic premise has only two terms, it is not apparent how any of 
the premises in Herlinus’s version can be put into correct form. Premise S1A, for 
example, refers to at least five things in addition to the attribute equal: the straight 
line, the parallel lines, and the alternate angles. We might attempt to recast the 
proposition as follows: 


S1A’. (Being) equal to one another belongs to alternate angles pro- 
duced when a straight line falls on parallel lines. 


Here the predicate is ‘‘(being) equal to one another’ and the subject is ‘‘alternate 
angles produced when a straight line falls on parallel lines.’’ Similar machina- 
tions will work S2A and S5A. Likewise S3A and S4A might become: 


(Being) equal to one another belongs to things that are the results of 
equals added to equals. 
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Premise S6A presents special problems, which are perhaps best dealt with by 
simply omitting its first part and treating its second part the same way as S3A and 
S4A. 

At this point, syllogism 1 becomes: 


S1A’. (Being) equal to one another belongs to alternate angles pro- 
duced when a straight line falls on parallel lines. 

S1B’. (Being) alternate angles produced when a straight line falls on 
parallel lines belongs to angles ACE and CAB. 

S1C’. Therefore, (being) equal to one another belongs to angles 
ACE and CAB. 


But how do we know that 1B’ is true? Probably the simplest solution is to make 
it explicit in D4, which could be reworded: 


D4’. Let CE be drawn through the point C parallel to the straight 
line AB. Thus BAC and ACE are alternate angles, and the inte- 
rior angle ABC is opposite to the exterior angle ECD. 


Syllogisms 2 and 5 can be treated similarly. 

Another problem is raised by 1B’. In first-figure syllogisms, the middle 
term is subject of the major premise and predicate of the minor premise. But is 
the middle term a subject or an attribute? The distinction between subject and 
attribute is basic in demonstrative sciences,*5 yet even the simplest syllogistic 
arguments appear to violate it. Premise S1B’ preserves grammatical rules by add- 
ing the word ‘‘being.’’ Can the subject-attribute distinction be preserved as well? 

Aristotle does not appear to have reflected on this problem, since he shows 
no hesitation in speaking of the middle term as being identical in the two prem- 
ises. A straightforward solution would be for him to adopt a convention for de- 
riving attributes from subjects and vice versa. I suggested that the per se 2 relation 
legitimates compound subjects like equilateral figure,?° which are derived from 
attributes. It is also possible to derive attributes from subjects as ‘‘being (or hav- 
ing) alternate angles’’ is derived from ‘‘alternate angles.’’ In general, a term 
could be marked as an attribute, so that it can legitimately appear as a predicate, 
by the word ‘‘being’’ or “‘having,’’ and as a subject by the expression ‘“‘things 
that are’’ or ‘‘things that have.’’ (The addition of ‘‘being’’ to straightforward 
attribute terms such as ‘‘equal’’ also makes for better English, though the issue 
here is purely one of grammar.) A syllogism in Barbara would appear as ‘‘Being 
A belongs to all things that are B; being B belongs to all things that are C; there- 
fore being A belongs to all things that are C.’’ The dual role of the middle term 
is justified by the trivial fact that being B belongs to all and only things that are 
B. 

Premises S3B, S4B, and S6B present a further problem. Syllogism 3 will 
be rephrased as follows: 


= 
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S3A’. (Being) equal to one another belongs to things that are the 
results of equals added to equals. 

S3B’. (Being) things that are the results of equals added to equals 
belongs to angle ACD and the angle that is the sum of angles 
CAB and ABC. 

S3C’. Therefore, (being) equal to one another belongs to angle ACD 
and the angle that is the sum of angles CAB and ABC. 


Premise S3B’. combines the results of syllogisms I and 2 with the fact that angle 
ACD equals angles ACE plus ECD (this could be justified by the principle— 
which, however, does not occur in Euclid—that the whole is equal to the sum of 
its parts). But this combination cannot be made within the rules of the syllogistic, 
since it starts with four terms (the angles ACE, ECD, CAB, and ABC) and ends 
with the single term that forms the subject of S3B’. A similar difficulty arises in 
syllogisms I, 2, and 5. 

Of these difficulties, all but the last can be met within the strict require- 
ments of the syllogistic, as long as appropriate modifications to D4 are made. But 
the kind of reasoning involved in going from M = N,P = Q,andM+P=R 
toN + Q = R, or from M = NandN = P toM = P, cannot be represented 
syllogistically.?7 

A major shortcoming of the syllogistic is its restriction to only one relation 
between terms, that of ‘belonging to’’ or ‘‘being predicated of.’’ Since De Mor- 
gan, it has been recognized that other relations are susceptible to logical treatment 
too. In particular, mathematical reasoning uses more relations than the one 
treated by Aristotle. This is proved true by the examination of ‘‘syllogisms”’ 3, 
4, and 6 in Herlinus’s version, but is also indicated by the complexity of the 
gyrations needed to put the mathematically very simple reasoning of the other 
syllogisms into subject-predicate form. 

There remains the question whether Aristotle would have acknowledged 
the force of this objection. Our question amounts to asking how closely Aristotle 
felt obliged to stick to the strict demands of the syllogistic. Would he have ac- 
cepted sloppy syllogisms in proofs? An indication that he would is gleaned from 
the ways he refers to the conclusion of the proof just studied. He does not say 
*“(being) equal belongs to the interior angles of a triangle and two right angles,’’ 
or even ‘‘(being) equal to two right angles belongs to the interior angles of a 
triangle,’’ but ‘‘two right angles belongs to triangle’’ (I.4 73b31), ‘‘the triangle 
is equal to two right angles’’ (b31-32), and ‘‘the triangle has two right angles”’ 
(633-40). This lax attitude is also shown in his sample demonstrations. In II.8 he 
suggests that a demonstration explaining thunder can be constructed from the 
following terms: cloud (C), thunder (A), and quenching of fire (B) (93b9—-10). He 
says that B belongs to C and A belongs to B, so A belongs to C. Although C is 


_ connected with A via B, there are a number of problems in putting it into a syl- 


logism. If we take it as a syllogism in Barbara, the result is as follows: 
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Thunder belongs to all quenching of fire. 
Quenching of fire belongs to all clouds. 
Therefore, thunder belongs to all clouds. 


Even if we can make sense of the premises and conclusion, all three are false. 
Suppose we take it as a syllogism in Darii: 


Thunder belongs to all quenching of fire. 
Quenching of fire belongs to some clouds. 
Therefore, thunder belongs to some clouds. 


On the appropriate interpretation, the minor premise and conclusion are true, but 
the major premise is false. Since these are the only likely syllogistic interpreta- 
tions of the argument, the example is poorly chosen for syllogizing. 

Further, the relations between the terms are not appropriate for syllogistic 
premises. Aristotle justifies the minor premise by saying that fire is extinguished 
in cloud (b11). But this only identifies the location of the quenching, and provides 
no better grounds for saying that the relation is one of predication than one would 
have in saying that man is predicated of the Earth, since that is where men are 
found. The relation between noise and the quenching of fire is also not one of 
predication. Noise is produced by the quenching of fire, but this relation of cause 
and effect is not a relation of predication. I suppose we could construct some kind 
of argument from the premises when they are properly spelled out: 


Noise is produced by the quenching of fire. 
Quenching of fire occurs in clouds. 
Therefore, noise is produced in clouds. 


But this is not a syllogism, nor would it be if the premises were quantified. The 
relations between the terms in the premises are different, and neither of the two 
relations is the predication relation required for a syllogism. 

There are further objections as well, since it is hardly conceivable that ei- 
ther premise is immediate and it is not clear how they would be mediated within 
the present argument, nor is it clear that either premise is per se. But even though 
there are reasons why we should not expect to find good examples of scientific 
demonstrations in APo, those reasons do not condone a casual attitude toward 
syllogisms.?® And the case discussed is by no means unusual.?9 

An explanation for Aristotle’s slackness in these syllogisms can be found 
in the view he argues for in APr 1.23, that every demonstration and deduction is 
syllogistic in form.3° If he is convinced by metalogical considerations that dem- 
onstrations can be syllogized, there is no need to take the trouble to make his 
examples conform strictly to the requirements of the syllogistic. No matter if the 
examples are sloppy. It is enough to give the reader a rough idea of how the 
syllogizing would go. Further, Aristotle need not have thought it a simple task to 
syllogize a science. The theory of demonstration is programmatic and prescrip- 
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tive, not descriptive. It calls for a radical restructuring of all sciences except the 
mathematical ones, and even for them, it requires recasting their propositions in 
a radically different form. In these circumstances, rough ‘‘hand-waving’’ exam- 
ples are all we can expect. 

But one piece of evidence strongly suggests that Aristotle accepted a degree 
of sloppiness in syllogisms that is incompatible with the strict application of syl- 
logistic theory. APr I.24 argues that every syllogism must have (at least) one 
universal premise and uses a mathematical example: 


APr 1.24 41b13-22 ‘‘This is more manifest in geometrical propo- 
sitions, for example, the proposition that the base angles of an isos- 
celes triangle are equal. Suppose the straight lines A,B have been 
drawn to the center. Then, if one should assume that the angle AC is 
equal to the angle BD without having claimed generally that the an- 
gles of semicircles are equal, and again, if one should assume that 
the angle C is equal to the angle D without making the additional 
assumption that every angle of a segment is equal to the other angle 
of that segment, and if one should then, lastly, assume that, the 
whole angles being equal and the angles subtracted being equal, the 
remaining angles E,F are equal, he will beg the question unless he 
assumes [generally] that ‘if equals be subtracted from equals the re- 
mainders are equal.’ *’3! 


A and B are radii of the circle; AC and BD are the ‘‘mixed’’ angles made by the 
circumference of the circle with the radii A and B, respectively; C and D are the 
“‘mixed’’ angles made by the circumference with the chord of the circle, which 
is the base of the triangle; and E and F are the base angles of the triangle.3 The 
proof that E = F depends on the premises AC = BD and C = D, from which 
the conclusion follows, since E = AC — C and F = BD — D. Aristotle says 
that the proof requires three syllogisms whose major premises are ‘‘The angles 

f semicircles are equal,’’ ‘‘every angle of a segment is equal to the other angle 
of that segment,’’ and ‘‘if equals be subtracted from equals, the remainders are 
equal.’’ The syllogisms are: 
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S1A. The angles of semicircles are equal. 
S1B. AC and BD are angles of semicircles. 
S1C. Therefore, AC is equal to BD. 


S2A. Every angle of a segment is equal to the other angle of that 
segment. 

S2B. C is one angle of a segment; D is the other angle of that seg- 
ment. 

S2C. Therefore, C is equal to D. 


S3A. If equals be subtracted from equals, the remainders are equal. 
S3B. E and F are the remainders of equals subtracted from equals. 
S3C. Therefore, E and F are equal. 


Since Aristotle is not concerned to state the premises and conclusions in subject- 
predicate form, it is unclear how he would treat a proposition asserting equality: 
would SIC be rendered ‘‘(Being) equal to one another belongs to AC and BD,”’ 
or ‘‘(Being) equal to AC belongs to BD’’? There are objections to both choices. 
In the former case, SI must be rendered thus: 


S1’A. (Being) equal to one another belongs to the angles of semicir- 
cles. 

S1'B. (Being) the angles of semicircles belongs to AC and BD. 

S1'C. Therefore, (being) equal to one another belongs to AC and 
BD. 


But S1'B is actually a composite of the two propositions asserting that AC is an 
angle of a semicircle and that BD is an angle of a semicircle, and as we saw 
above, the syllogistic does not, strictly speaking, permit moves from two terms 
to one. In the latter case, the syllogistic does not allow us to get from the major 
premise Aristotle explicitly identifies as ‘the angles of semicircles are equal,”’ 
whose predicate is ‘‘equal,’’ to the conclusion, where the predicate is *‘equal to 
AC.”’ Similar problems attend S2 and S3, and these are the very kinds of prob- 
lems identified above in discussing Herlinus’s syllogized version of Euclid’s 
proof. 

Aristotle did not observe the formal requirements of his logic as strictly as 
modern standards demand. Even when we would expect him to pay close atten- 
tion to those concerns, he allows premises that are not in subject-predicate form 
and can be put into that form only implausibly and with difficulty. He also accepts 
inferences that are not valid in the syllogistic. Quite likely he simply failed to 
notice this fact, since they were such simple and manifestly correct moves. 

If faced with this discussion, if he were shown that some of his syllogisms 
are sloppy, would he say that they are not really syllogisms? If so, he would have 
to admit that the syllogistic cannot represent all valid deductions, and that it is 
inadequate to represent scientific proofs. Or would he say that they are to count 
as syllogisms and syllogisms can be sloppy? If so, he can still maintain that all 
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valid deductions and therefore all scientific proofs can be represented by syllo- 
gistic arguments. One is inclined to prefer the former of these alternatives, al- 
though it is not clear to me on what evidence. From the historian’s point of view 
it is important to ask whether the preference does not come from anachronistic 
modern prejudices about the nature of formal logic. I would prefer to believe that 
if the objections had been put to him, he would have revised the theory to make 
it cover a wider field of relations than the subject-predicate relation. But this 
belief is admittedly due more to historical hindsight than to adequate ancient ev- 
idence. 


So FAR I have shown that the structure of individual syllogisms makes them in- 
adequate to represent scientific proofs. In what follows I shall consider additional 
problems, which arise for Aristotle’s theory from his view that proofs consist of 
particular kinds of series of syllogisms. He believes that proofs are series of syl- 
logisms in which the conclusion of each syllogism becomes a premise of the next 
(except for the last syllogism, whose conclusion is the demonstrandum). For ex- 
ample, in proving that E belongs to all A via the middle terms B,C,D we have the 
following syllogisms: 


SIA. C belongs to all B (immediate premise). 
S1B. B belongs to all A (immediate premise). 
S1C. Therefore, C belongs to all A. 


S2A. D belongs to all C (immediate premise). 
S2B. C belongs to all A (conclusion of syllogism 1). 
S2C. Therefore, D belongs to all A. 


S3A. E belongs to all D (immediate premise). 
S3B. D belongs to all A (conclusion of syllogism 2). 
S3C. Therefore, E belongs to all A (demonstrandum). 


I shall represent this proof as follows: 
A—B—C—D—E, 
Mz. 


where X—Y represents a connection between X and Y. 

Evidence for this view of the nature of the demonstrations is found in the ar- 
guments against the possibility of infinitely long proofs in I.19-23. For example, 
the beginning of I.19 presents what is evidently intended as a general character- 
ization of demonstrations: 


I.19 81b15-18 ‘For it is necessary to assume these and to prove 
in this way, for example, that A belongs to C through B and in turn 
that A belongs to B through another middle and similarly that B be- 
longs to C.”’ 
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Likewise, in the account of how to discover proofs, this is the kind of proof that 
is the goal: 


1.23 84b31-35 ‘‘When it is necessary to prove [that A belongs to 
B], we must assume what is predicated first [i.e., immediately]33 of 
B. Let it be C. And similarly [let] D [be assumed as predicated im- 
mediately] of this. And as we continue in this way at each step, no 
premise is ever taken in the process of proving which is outside of 
or belongs to A, but the middle is continuously being compressed 
[i.e., the logical gap needing to be filled between A and each suc- 
cessive term becomes smaller] until they become indivisible and 
one.’ ’34 


It should be noted that this is more restrictive than the normal definition of a proof 
as a finite linear sequence of statements A,,A,,...A,, where A,,A,,...A,_, 
are the premises and A, is the conclusion, and for all i such that 1 = i = n, A; is 
either primitive or follows from axioms and/or previous statements. Aristotle in 
effect requires that the propositions be arranged in such a way that for all 7 such 
that 3 = i = n, A; is immediate or follows from A; _ , and A; _ ,. In the example 
just above, the propositions will be arranged as follows: 


At. B belongs to all A. 
A2. C belongs to all B. 
A3. C belongs to all A. 
A4. D belongs to all C. 
As5. D belongs to all A. 
A6. E belongs to all D. 
A7. E belongs to all A. Q.E.D. 


But this requirement is impossibly restrictive for demonstrations, since it 
implies that no theorem can be used in the proof of subsequent theorems. Con- 
sider how Elements I, proposition 32, reaches its conclusion. It assumes tacitly 
that triangles have three angles (a result that can be proved from suitable defini- 
tions of triangle and angle) and then argues that in the specimen triangle ABC, 
together with the lines CD and CE given in parts D2 and D4, 


Ds.1. Angle ACE equals angle BAC; 

D5.2. Angle ECD equals angle ABC; 

Ds.3. Angle ACD equals angle BAC plus angle ABC; 

Ds.4. Angle ACD plus angle ACB equals angle BAC plus angle 
ABC plus angle ACB; 

Ds5.5. Angle ACD plus angle ACB equals two right angles; 

D6. Angle BAC plus angle ABC plus angle ACB equals two right 
angles. Q.E.D. 
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D5.1, D5.2, and D6 depend on previously proved theorems and so, in Ar- 
istotelian terms, are not immediate. Nor is it simply for the sake of shorthand, 
convenience, and avoiding repetitions that the proofs of those theorems are not 
repeated here. Their proofs are not wanted here. What is wanted and what is used 
is the theorem proved elsewhere. This is an obvious point, but an important one. 
For it means that the proof of a proposition may contain nonimmediate links, as 
long as they are justified by proofs that contain only immediate links, or by proofs 
with nonimmediate links that are justified in the same way. As an inspection of 
Euclid’s Elements or any book of modern mathematics will show, this character- 
ization of proofs does not lead to an infinite regress or circularity, since the initial 
proof is justified exclusively by the starting points. 

Aristotle’s simple picture must be altered to cover this situation, where a 
connection that needs justifying is part of the proof of another connection. If the 
outline of the proof is 


A—B—C—D—E, 
>< 


suppose that C—D is a previous theorem. According to the simple view of dem- 
onstration, the interim conclusion A—D follows from C—D and A—C, which is 
itself an interim conclusion. But if C—D is a theorem, it is the conclusion of a 
proof based on at least two immediate propositions. If the proof of C—D is in- 
serted in the proof of A—E, the serial nature of proof cannot be maintained for 
the proofs of both C—D and A—E. In the simplest case the proof of C—D will 
have two immediate premises, C—X and X—D. We have this: 


SIA. C belongs to all B (immediate premise). 
S1B. B belongs to all A (immediate premise). 
SIC. Therefore, C belongs to all A. 


S2A. D belongs to all X (immediate premise). 
S2B. X belongs to all C (immediate premise). 
S2C. Therefore, D belongs to all C. 


S3A. D belongs to all C (conclusion of syllogism 2). 
S3B. C belongs to all A (conclusion of syllogism 1). 
S3C. Therefore, D belongs to all A. 


S4A. E belongs to all D (immediate premise). 
S4B. D belongs to all A (conclusion of syllogism 3). 
S4C. Therefore, E belongs to all A. Q.E.D. 


Syllogism 3 violates the requirement that A; be immediate or follow from A, _ , 
and A; _ ,. 

Aristotle occasionally recognizes that previously proved propositions have 
a legitimate use in proofs,3° but does not seem aware that they conflict with his 
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serial view of proofs. Since it requires only a small modification in his view of 
the nature of scientific demonstration to accommodate this important feature of 
proofs, we may regard it as a minor oversight. 

If prior results are allowed to justify steps in a proof, the proof of A—E as 
given above may be diagrammed as follows, 


P 
A—B—C—D—E, 
ne ee 


to indicate that link C—D depends on previous theorem P, and the other links 
(A—B, etc.) do not depend on previous theorems. 

More important is the fact that even with this modification, the serial interpre- 
tation of demonstrations does not capture the nature of reasoning in the proof of 
this theorem. In proving that the three angles of a triangle equal two right angles, 
it shows that they are equal to the two angles made by a straight line set up on a 
straight line (D5.4), which are equal to two right angles (D5.5, depending on 
Elements I, prop. 13). But in reaching D5.4 (which treats the sum of all the angles 
taken together), it treats certain of the angles separately and then in combination. 
D5.1 proves a result about angle BAC; D5.2 proves a different result about angle 
ABC; D5.3 combines these results to prove a further result of the sum of angles 
BAC and ABC; D5.4, finally, proves a result about the sum of all three angles of 
the triangle, which follows from the result of D5.3. The line of argument can be 
represented schematically as in the diagram below. 


Elements 1, prop. 29 
BAC—(DS.1) 


triangle—3 angles Elements 1, prop. 29 © (D.5.3) Elements 1, prop. 13 


aah \ (D5.4)—(D5 wiles 
ie =r 


Thus, in the proof of a conclusion it can happen that reference must be made to 
compounds (such as the sum of three angles) and also to their components. A fact 
about the compound may depend on one or more facts about its components or 
vice versa. Indeed, geometrical proofs frequently employ this kind of decompo- 
sition and recomposition, and it may occur in other disciplines as well. But when 
this sort of argument occurs, the conception of proof as a series of syllogisms 
does not adequately account for the relations between the different steps of the 
proof. As in the previous case, Aristotle needs to alter his view of the nature of 
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demonstration to allow for the complexity we have noticed in the structure of the 
Euclidean proof. 

Nevertheless, since the needed modifications do not require Aristotle to 
abandon the substantial result he argues for in I. 19-23, that demonstrations must 
be finite in length, we may consider the simple model of proofs he uses there as 
no more than a first approximation that contains the basic argument he would use 
to prove the results for the more complex cases that have been discussed here. 
There are no theoretical obstacles to prevent him from making the suggested 
changes. 

The present chapter has shown how the proofs of Euclid’s Elements can illus- 
trate how Aristotelian demonstrations work, what their faults are, and how to 
overcome them. The most significant change needed, abandoning the syllogistic, 
does not affect the basic conception of demonstration. (In the light of APr 1.23, 
even the insistence on syllogistic reasoning need mean only that proofs must be 
valid.) Even though Aristotle underestimates the complexity of reasoning in- 
volved in mathematical demonstrations,37 much of what he says can be adapted 
to take this complexity into account. What is perhaps of greatest interest is that 
Euclid uses his various kinds of principles in just the ways we would expect 
Aristotle to apply his (with provisions made for differences between Aristotle’s 
existence claims and Euclid’s construction postulates). The next three chapters 
will draw on these results in considering the three types of demonstrations rec- 
ognized in APo. 


The Varieties of 
Demonstration, I: 
Universal Subject-Attribute 


Demonstrations 


CHAPTER XIII 


DEMONSTRATION IS introduced as one (possibly not the only) way! to attain sci- 
entific knowledge. A demonstration is a scientific deduction (sullogismos 
epistemonikés), a deduction that yields scientific knowledge of its conclusion 
(APo 1.2 71b17-18). 

After saying this much about demonstration, Aristotle passes on to his ac- 
count of scientific principles. But what of the conclusions of demonstrations and 
the way they follow from the principles? In Chapter 12 I took up some aspects of 
these topics—the roles of the different kinds of principles and the reasoning used 
in-proofs. It remains to consider what kinds of propositions can be proved and in 
a general way what proofs achieve and how they do it. I will supplement Aris- 
totle’s limited remarks on these matters with material from Euclid’s Elements. 


The Nature of Demonstrations 


From the opening lines of 1.2 we know that the conclusion of a demonstration is 
necessarily true and that a demonstration is a deduction that proves it is necessar- 
ily true and contains the explanation of why it is true. A person who understands 
the demonstration knows that and why its conclusion is necessarily true, and his 
understanding the demonstration is the grounds of his conviction that it is so (1.2 
72a25-26). Also, when something can be demonstrated, the only way to get un- 
qualified scientific knowledge of it is to have a demonstration of it (I.2 71b28— 
29). 

Since conclusions are necessary, so are the principles. In fact principles 
and conclusions are per se relations of the two types identified at I.4 73a34-37 
and a37—b5,‘ and there is no scientific knowledge of relations that are not per se.> 
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Demonstrations have a necessary middle (1.6 75a13): the middle term must be 
necessarily related to the subject and the attribute. If 


A—B—C® 

Set 
is a demonstration that attribute C belongs to subject A via middle term B, the 
relations A—B and B—C must be necessary truths. Also when there is more than 
one middle term, adjacent terms must be necessarily related. 

Since a demonstration explains its conclusion, the premises are the grounds 
of the conclusion (I.2 71b30—31). In the proof of A—C sketched above, C is 
proved to belong to A through the middle B. B is the grounds of C’s belonging to 
A (II.2 90a6-7); that is, C belongs to A because C belongs to B and B belongs to 
A. Moreover, since the principles of demonstrations are immediate indemonstra- - 
ble truths, they have no further grounds. They are ‘‘uncaused causes’’ or “‘un- 
grounded grounds’’ (1.9 76a20). C belongs to B, as does B to A, ‘‘through itself”’ 
(1.6 75a35-37). The word dihoti, ‘‘because’’ or ‘‘why’’ (sometimes best trans- 
lated as ‘‘the reason why’’) frequently appears in this connection. ‘“To know the 
reason why is to know through the grounds’’ (1.6 75a35); ‘‘the most important 
thing in knowledge is investigating the reason why”’ (I.14 79a23-24); ‘the rea- 
son why is the middle’’ (I.33 89a16). Knowledge of the reason why comes from 
deductions based on immediate premises, since only thus do we grasp the primary 
grounds (I.13 78a23-26).” 

Some consequences of these views have been noticed. The terms used in a 
scientific demonstration must belong to the subject genus of the science;* and the 
conclusion cannot be perishable, that is, a relation that can cease to be true (1.8 
75b24-25) and both premises and conclusions must be universal (1.8 75b21).° 

The picture so far is simple. Principles are immediate, indemonstrable, per 
se necessary relations. Conclusions are nonimmediate, demonstrable, per se nec- 
essary relations that are proved to follow from the principles. Principles are 
grounds of conclusions, and scientific knowledge of a provable relation comes 
from knowing the proof whose conclusion is that connection. 


Subjects and Attributes 


The picture becomes more precise when we graft onto it the distinction between 
subject and attribute. A scientific proposition asserts that an attribute belongs to 
a subject.'° The conclusion of a proof asserts that an attribute (C) belongs to a 
subject (A).?* This means that in the proof 


A—B—C, 
Neo 


B and C are both attributes of A. B belongs immediately and C nonimmediately 
to A: A—B is a definitional or essential fact and A—C a derivative fact.'* C be- 
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longs to A because C follows from the essence of A, and B belongs to A just 
because it is A’s nature to have attribute B. 

This interpretation of scientific proofs poses some problems. Granted that 
A—B and B—C are immediate, and that A—B is an essential fact about A, what 
is the nature of the relation B—C? It should be an essential fact about B, so that 
C is part of B’s definition, and so that part of the definition of one of A’s attributes 
belongs to A. This result is subject to two objections. First, it runs afoul of the 
Categories claim that the definition of an attribute is never predicable of a sub- 
stance (although the name of an attribute is predicable in some places) (Cat. 5 
2a27—33). Even though the subjects of sciences need not be substances, '3 in some 
sciences the subjects are substances, and in these cases the Categories claim 
should apply. Second, the result is hard to reconcile with the standard example 
of a demonstrable fact, triangle—2R, since “‘having angles equal to two right 
angles’’ is not part of the definition of any term in the definition of triangle. 

I believe these objections can be met. The key to the solution of both is the 
conception of ‘‘fat’’ definitions.'* The Categories objection proves to be a red 
herring, since it is based on the concept of ‘‘thin’’ definitions consisting of genus 
and differentia. Ackrill’s comment on the Categories passage suggests a solution 
to the problem: ‘‘In saying that usually the name of what is in a subject cannot 
be predicated of the subject he obviously means more than that, for example, one 
cannot say ‘Callias is generosity.’ He means that there is something else which 
one does say—‘Callias is generous’—by way of ascribing generosity to Cal- 
lias.”’'5 Likewise, though the thin definition of generosity, ‘‘liberality in giving,”’ 
cannot be predicated of Callias, if Callias is generous, he is liberal in giving. 
Further, this same move can be applied to the elements in the fat definition of an 
attribute and to their per se relations as well. If we take it as an immediate per se 
fact about generosity that it is a mean state between stinginess and extravagance, 
then Callias is not that mean state, but he is characterized by being in that mean 
state. Similar points hold for subjects and attributes in scientific propositions. A 
line is straight, not straightness, and per se relations of straightness can be pred- 
icated of the line in appropriate ways. In general, then, there is no objection to 
inferring that an element of the fat definition of B belongs to A, when B is an 
element in the fat definition of A. A caveat must be issued here, since the various 
elements of a fat definition may stand in various relations to the definiendum, so 
that this transitivity need not always hold.*¢ 

Second, the relation “‘triangle—2R’’ can be accounted for in this way if we 
make certain adjustments.'7 Since the proof'® turns on properties of the three 
angles of the given triangle, it is a tacit assumption that triangles have three an- 
gles. If the proof is to be stated fully, we begin with the subject of the proof 
(triangle) and the essence of the subject (closed plane rectilinear figure with three 
sides). The essence of triangle and the essence of rectilinear angle entail that a 
triangle has three angles. So far the argument can be represented as follows: 


essence of angle 


triangle — essence of triangle + three angles 
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The argument proceeds to consider the angles separately and then in combina- 
tion. For example, it first shows that angle BAC = angle ACE, a result that fol- 
lows from Elements I, proposition 29, which shows inter alia that a straight line 
falling on parallel lines makes the alternate angles equal to one another. This 
amounts to showing that the essence’? of alternate angles entails that they are 
equal to one another. This result is then applied to the specimen case to give the 
desired result. Thus, each step in the proof follows from the essence of the subject 
term of the particular step in question—the triangle or certain specified angles or 
combinations of angles. And the essence of the triangle underlies every step, 
since the different angles are defined as angles of the triangle, and so the triangle 
is reasonably seen to be the subject of demonstration throughout. 
The situation is more complicated than the simple case where we have 


A—B—C, 
See 


with B an element in the essence of A and C an element in the essence of B. But 
the increase in complexity does not produce a difference in kind. Each step in a 
proof can be described as being either of the form A—B (B is an essential [im- 
mediate] attribute of A) or of the form 


P 


ils 


(B is a derivative attribute of A, which is proved to hold by P, an immediate 
relation or a nonimmediate relation that is ultimately based on immediate rela- 
tions). 


An Aristotelian Demonstration 


So far [have built up a picture of how an Aristotelian demonstration should work. 
But how well does this picture fit Aristotle’s practice? A look at the most care- 
fully worked out example of a demonstration in APo shows that it fits well, but 
also reveals a further wrinkle in immediate per se relations. APo IJ.17 considers 
‘the grounds’”’ (to aition), ‘‘that of which it is the grounds’’ (the attribute) (hoa 
aition), and ‘‘that for which it is the grounds’’ (hdi aition) (gga16ff.). It suggests 
that the middle° is an account (/égos)*' of the first extreme (the attribute) and 
says that this is the reason why all sciences come to be through definition (a2 1— 
23). Then follows the example: 


II.17 99a23-29 ‘‘Being deciduous follows along with the vine 
and extends more widely, and [it follows along with the] fig tree 
and extends more widely. But not [more widely] than all, but 
equally. If, then, you should grasp the first middle, it is the account 
(/6gos] of being deciduous. For there will be a first middle in the 
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other direction, that all are such and such; then [there will be] a 
middle of this, that the sap congeals or some other such thing. What 
is being deciduous? For the sap in the connection of the leaf stalk to 
congeal.”’ 


DISCUSSION 

The subjects of the proof are ‘‘the vine,’ ‘‘the fig tree,’ and so on; the 
attribute is ‘‘being deciduous,’’ which extends more widely than each of the sub- 
jects, but not more widely than all the deciduous plants taken together. Aristotle 
assumes that there is a single explanation for the fact that all these plants are 
deciduous.”? Slightly perversely, he speaks of ‘‘first middles’’ in two directions, 
by which he means the terms related immediately to the subjects and to the attri- 
bute. If we have a demonstration 


99 66 


A—B—C—D—E, 
a ee 


B is the first middle in the direction of subject A, and D is the first middle in the 
direction of attribute £. In the present case, we have several subjects A,,A,,.. . 
A, that have E. The first step toward discovering a proof of E’s belonging to 
A,,A,, . . . A, is to determine their common nature, some B such that A,,A,,.. . 
A, are all B and such that they are E because they are B. (In practice, it may not 
at first be apparent which of several common features is the relevant one.) In the 
present case, the ‘‘such and such’’ that all the subjects are is probably broad- 
leaved.?3 Then we need to find a middle to explain why broad-leaved plants are 
deciduous—say, that the sap congeals in the connection of the leaf stalk. And, 
this is the account of deciduousness! The proof is complete. It can be sketched as 
in the diagram below. 


vine 
% sap congeals in 
fig tree — broad-leaved plant— the connection of — deciduous 


/ the ce wl 
ef 


For convenience, assume that the connections between successive terms are im- 
mediate. If the vine, the fig tree, and so on, are species of the genus broad-leaved 
plant, then they are definitionally related on either of Aristotle’s views of defini- 
tions (fat or thin). If not, being a broad-leaved plant is an element in a fat defini- 
tion of each. The fact that the sap congeals in the connection of the leaf stalk is 
neither genus nor differentia of broad-leaved plants, but as an immediate, not 
further explainable fact about broad-leaved plants, it will be part of the fat defi- 
nition. Now it happens that the congealing of sap in the connection of the leaf 
stalk is the grounds4 of deciduousness, and so, if this relation is immediate, it is 
part of a fat definition—but definition of what: of deciduousness or of the con- 
gealing of sap in the connection of the leaf stalk? 
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Recall the way we dealt with the problem of the same term’s standing as a 
subject in one premise and an attribute of another (p. 154). In the syllogism 


A—B—C, 
SS 


the middle term B occurs as ‘‘being B’’ when it is the predicate of the minor 
premise, and as ‘‘things that are B’’ when it is the subject of the major premise. 
So here, one of our first (minor) premises will be ‘‘being a broad-leaved plant 
belongs to things that are vines.’’ The second premise will be ‘‘being a plant in 
which the sap congeals in the connection of the leaf stalk belongs to things that 
are broad-leaved plants.’’ The third will be ‘‘being deciduous belongs to things 
that are plants in which the sap congeals in the connection of the leaf stalk.”’ 
Aristotle says that the congealing of sap (sc., in the connection of the leaf stalk) 
is the account (/6gos) of being deciduous (a25-26).75 Since it is not the definition 
(either the genus or differentia) of being deciduous, Aristotle presumably be- 
lieves it is an immediate attribute that is an element of the fat definition of being 
deciduous. 

On the other hand, is there not precisely equal reason to say that being 
deciduous is part of the fat definition of plant-in-which-the-sap-congeals-in-the- 
connection-of-the-leaf-stalk? And similarly at each step of the proof. Being a 
broad-leaved plant will be part of the fat definition of plant-in-which-the-sap- 
congeals-in-the-connection-of-the-leaf-stalk, and if broad-leaved plant is the ge- 
nus of vine, and so on, they will be immediately related to it too.?° This is to say 
that immediate relations cut two ways: if A—B is immediate, then A is in the fat 
definition of B and vice versa. 

If this move is allowed, Aristotle’s example fits my account of demonstra- 
tion perfectly. Each premise is immediate and due to the essence of both its sub- 
ject and its predicate. A proof that subject A has attribute D proceeds by showing 
that by virtue of B, an element in A’s essence (fat definition), A has attribute C, 
where C is an element in the essence (fat definition) of D. 


Per Se 1 and Per Se 2 


The preceding permits us to address an issue left over from earlier discussion.?7 
Since conclusions of proofs are necessary, they are per se, but are they per se I 
or per se 2? Aristotle offers little help on this score, simply saying that they are 
per se, or both per se I and per se 2.?* The matter is not clear-cut since, for 
example, neither the subject triangle nor the attribute 2R is mentioned in the 
definition of the other. In what follows I will argue that typical subject-attribute 
proofs prove that the attribute belongs per se 1 to the subject.*9 

A proof that subject S has attribute A proceeds by showing that it is a con- 
sequence of S’s nature, as specified in S’s fat definition, that S has attributes that 
satisfy the definition of A. Each successive step in the proof has one of the two 
forms identified at the end of the section ‘‘Subjects and Attributes’’ earlier in this 
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chapter, and for the sake of convenience | will assume that each step is immedi- 
ate. Thus, the proof will be of the form 


S—A,—.. .—A,—A, 
i 


where adjacent terms are so related that each is in the fat definition of the other, 
and so belongs per se I to the other. The per se 2 relation permits the A; to func- 
tion as attributes in one premise and subjects in the next. Thus, A, belongs per se 
I to S, A, belongs per se 1 to A,, and so on. It is a natural extension to regard the 
syllogistic consequences (such as S—A,) of such premises as per se I, not per se 
2. 

Further, if the consequences are per se 2 we have the anomalous situation 
that per se 2 conclusions result both from arguments with two per se I premises 
and from arguments with one per se I and one per se 2 premise. For example, in 
the argument 


S—A,—A,—A,, 
a s 


the first step, 


S—A Ay, 
ee 


has two per se I premises, but the second, whose premises are S—A, and A,— 
A,, has one of each type. This anomaly does not arise if the conclusions of argu- 
ments all of whose premises are per se I are also per se I. 

‘ Also considerations of quantification require the conclusions to be per se I. 
If the conclusion of a proof is a universal affirmative relation “‘A belongs to all 
S,’’ it must be proved from universal affirmative premises ‘‘A belongs to all A,,”’ 
... “A, belongs to all S.’’ But in per se 2 relations the universal affirmative 
relation is the other way round: S belongs to all A (all odd things are numbers) 
and not vice versa. 

Another general argument for the same point goes as follows. The nature 
of the per se I relation is such that if attribute A belongs per se I to subject S, it 
follows that if S’ is an S (where S’ is either an individual S or a subcategory of 
S), A belongs to S’. The nature of the per se 2 relation is such that if A belongs 
per se 2 to S, it follows that if A belongs to S’, then S’ is an S. The entailments 
go in opposite directions. But the entailment found in subject-attribute proofs 
goes in the direction of per se 1, not per se 2 relations. 

Further, Aristotle recognizes cases where an attribute belongs to different 
subjects for different reasons (II.16 98b25—31, II.17 99a30-b7). In these cases it 
is especially clear that the entailment relation between subject and attribute must 
be the one characteristic of per se 1, not per se 2, relations. 

Further, even if the per se 2 relation is transitive and some subject-attribute 
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proofs exploit this fact to give per se 2 conclusions,2° that does not show that all 
subject-attribute proofs have such conclusions, and in fact is a rather special kind 
of proof. An example of this sort of argument is this: odd belongs per se 2 to 
number, number belongs per se 2 to multitude, so odd belongs per se 2 to multi- 
tude. This process of moving to wider and wider subjects yields universal affir- 
mative relations characteristic of per se 2, but not per se I, relations (where S 
belongs to all A, but A does not belong to all §), but it is hard to believe such 
arguments will have much theoretical interest. 

Other considerations point in the same direction. Aristotle’s ideal in sub- 
ject-attribute proofs is for the relation between the subject and attribute to be 
“‘commensurately universal,’’ as 2R is to triangle. But Aristotle tends to think of 
per se 2 attributes as coming in disjunctive pairs: a number is even or odd, a line 
is straight or bent (1.4 73b18ff.). But then neither odd nor even is commensu- 
rately universal to number. 

Since every number is even or odd, the compound attribute ‘‘even-or-odd’’ 
is commensurately universal with number. Even so, Aristotle does not show any 
interest in proofs of this sort of conclusion. And as to proofs that such and such 
numbers (e.g., all prime numbers greater than 2) are odd, the arguments above 
indicate that even though odd belongs per se 2 to number, it will belong per se 1 
to the category of numbers in question. 


Commensurate Universals 


The last issue is the so-called commensurately universal nature of proofs. A fre- 
quently recurring theme of APo I is the superiority of the proof of triangle—2R 
to the proof of isosceles triangle—2R.%? The superiority consists in the fact that 
triangle is the ‘‘primary’’ subject for which the attribute 2R belongs to any indi- 
vidual case taken at random.33 The attribute 2R belongs to any isosceles triangle 
taken at random, but it extends more widely (I.4 74a3), whereas triangle is prior 
to isosceles triangle (73b39) and in fact is primary (the superlative of ‘‘prior’’). 
The method prescribed for locating the primary subject (1.5 74a37—b4) suggests 
that the primary subject of an attribute is the most general term to which it can be 
proved to belong. 

These passages suggest that the attribute and subject are coextensive, so 
that the occurrence of either guarantees that of the other. This is so for triangle 
and 2R and also for rectilinear figure and 4R (having exterior angles whose sum 
is equal to four right angles).3+ But when Aristotle considers the point more 
closely, he sees that coextension is not required. He discusses the matter ab- 
stractly at II. 16 98b25-31 and II.17 99a30-bS, and his example at 99b5—7 makes 
the situation quite clear. The attribute of being long-lived belongs to various spe- 
cies of quadrupeds, for example, horse and ass,35 and to various species of birds, 
for example, parrot and peacock. Those quadrupeds are long-lived because they 
are bileless, and those birds are long-lived perhaps because they are dry—in any 
case, for a different reason from the one that accounts for the longevity of the 
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quadrupeds. Now the class of bileless quadrupeds is wider than each of the bile- 
less species of quadrupeds, and the class of dry birds is wider than each of the 
dry species of birds. And we may assume that there is no common explanation 
of why both dry birds and bileless quadrupeds (not simply dry things and bileless 
things)>° are long-lived. By the criteria of I.4, it follows that dry birds and bileless 
quadrupeds are both primary subjects of the attribute long-lived, since there is no 
subject to which the attribute belongs that is prior to either of these subjects. In 
such cases, where there are more grounds than one for the same attribute’s oc- 
curring ,37 the same thing is predicated of more than one primary subject,3* with 
the proviso that the primary subjects are not things of the same kind—either in- 
dividuals of the same species (in which case the same explanation would neces- 
sarily apply to them all) or species of the same genus (where the genus is the 
primary subject of the attribute). In the example, horse and ass are species of one 
genus, parrot and peacock are species of another. Thus, an attribute need not be 
coextensive with its primary subject.39 

The attribute is universal or belongs universally to its primary subject*° in 
the use of that word at I.4 73b26ff.41 The universal relation is characterized in 
terms of the conclusions of demonstrations, and demonstration per se proves uni- 
versal relations. The proof of triangle—2R is a demonstration per se, but proof 
of isosceles triangle—2R is not (74a1I-3). A proof of a universal connection is a 
proof that the attribute belongs to the subject through (did) or in virtue of (kata, 
héi) or because of (héti, dih6ti)# that subject and not through, in virtue of, or 
because of anything else. 

The following passage tells how to locate the primary subject: 


1.5 74a32—b4 ‘‘So when does he not know universally and when 
does he know without qualification?? It is clear that [he would know 
universally] if being a triangle and being an equilateral triangle were 
the same, either for each or for all.> But if they are not the same, 
but different, and it belongs in virtue of triangle, he does not know. 
Does it belong in virtue of triangle or in virtue of isosceles? And 
when does it belong in virtue of this primary [subject]? And of what 
universal is the proof? It is clear that [the proof is universal] when 
[the attribute] belongs to the primary [subject] when things are sub- 
tracted. For example, 2R belongs to the isosceles bronze triangle, 
but also [it belongs] when the bronze is subtracted and the isosceles. 
But not when figure or boundary [is subtracted]. But they are not 
primary.* Then what is primary?* If it is triangle, in virtue of this it 
also belongs to the others, and the demonstration is of this univer- 
sal.’’f 


NOTES ON TRANSLATION 
a. ‘‘Knowledge without qualification’? implies a correlative, qualified 
knowledge. We can have qualified knowledge of equilateral triangle—2R, the 
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qualification being that it depends on something further. It is qua triangle, not 
qua equilateral triangle, that the relation holds. So, here ‘‘without qualification”’ 
is the same as ‘‘universally.’’ The question is, when do we know universally and 
when do we not? 

b. For suggestions as to the meaning of ‘‘either for each or for all,’’ see 
Ross (ad loc.) and Barnes (ad loc.). Mure’s interpretation (‘‘for each or for all 
equilaterals’’), although less interesting, may be correct. 

c. On this translation the sentence asks, What is the primary universal sub- 
ject to which the attribute can be proved to belong? It can also be translated *‘And 
of what is the proof universally?’’—of what subject does the demonstration prove 
the attribute to belong universally? The two versions amount to the same thing. 

d. The genitive case of ‘‘primary’’ is due to the genitives of ‘‘figure’’ and 
“‘boundary.’’ The sense is ‘‘but neither figure nor boundary is the primary subject 
of 2R,’’ the first subject in the series: bronze, isosceles, triangle, figure, bound- 
ary, such that 2R belongs to it and no longer belongs when it is subtracted.*3 

e. The genitive case of ‘‘primary’’ may be explained as before, but it could 
also be short for the genitive absolute tinos prétou aphairethéntos oukéti hupdr- 
xousi diio orthai, ‘‘What is the first subject such that when it is subtracted, 2R no 
longer belongs?’’ Again, the two questions amount to the same. 

f. On this translation, the sentence toutou kathdlou estin hé apddeixis states 
that this is the primary universal to which the attribute can be proved to belong. 
It can also be translated ‘‘the demonstration is universally of this’’—the demon- 
stration proves that the attribute belongs universally to this. The two versions 
come to the same thing. See note c. 


DISCUSSION 

The passage asks under what conditions a proof of equilateral triangle—2R 
will give universal knowledge. The answer is that, since triangle—2R is a uni- 
versal relation, equilateral triangle—2R could be universal only if the essences 
of equilateral triangle and of triangle were identical.‘+ But they are different; in 
fact equilateral triangles have 2R in virtue of being triangles: “‘it belongs in virtue 
of triangle’ (a35). This is why the proof does not give universal knowledge of 
equilateral triangle—2R. Now 2R does belong to equilateral triangle, and Aris- 
totle does not deny that this can be known. But it does not belong (and therefore 
cannot be known to belong) universally. After telling how to locate the primary 
subject of an attribute, the passage concludes by saying, “‘if it is triangle, in 
virtue of this it also belongs to the others, and the demonstration is of this uni- 
versal’’ (b2—4). The second part of this sentence answers the question ‘‘Of what 
universal is the proof?’’ (a37). The first part answers the question ‘‘When does it 
belong in virtue of this primary subject?’’ (a36). 2R belongs to isosceles triangles 
and isosceles bronze triangles in virtue of triangle, in virtue of their being trian- 
gles. It does not belong to figure or limit in virtue of triangle, since it does not 
belong to them at all, or belongs only accidentally, so ‘‘the others’’ must refer to 
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the specifications of the subject that can be subtracted without the attribute’s ceas- 
ing to belong. 


2R BELONGS TO triangle in virtue of itself and to equilateral triangle in virtue of 
something else. It belongs to equilateral triangle because it belongs to triangle 
and equilateral triangles are triangles. To argue that it belongs to equilateral tri- 
angle directly, and not via triangle, is misleading, as another passage shows: 


1.5 74a13-16 ‘‘If anyone should show that right angles do not in- 
tersect,45 the proof of this would seem to be an account of the fact 
that it applies in the case of all right angles. But it is not, since this 
does not occur because they are equal in this particular way, but in 
that they are equal in any way.”’ 


DISCUSSION 

Elements 1, proposition 28, states: ‘‘If a straight line falling on two straight 
lines make the exterior angle equal to the interior and opposite angle on the same 
side . . . the straight lines will be parallel to one another.’’ The proof depends on 
the equality of angle EGB to angle GHD. A person who proves the theorem for 
the case where the two angles are both right angles will prove a true conclusion, 
but the proof will not make use of their being right angles, only their being equal. 
Aristotle objects to the proof not because its conclusion is false but because it 
gives the impression that the conclusion holds because the angles EGB and GHD 
are both right angles, when in fact it holds because the two angles are equal. It is 
proper to ask why perpendiculars to the same line do not intersect, and the proper 
answer is that they do not intersect because the angles they form with the given 
line are equal, not because they are right angles. 


ELSEWHERE ARISTOTLE STATES that we can know connections like isosceles tri- 
angle—2R:4¢ 


1.24 85b37-86a3 ‘‘We know best when this no longer belongs be- 
cause [it is] something else. Now when we know that the exterior 
{angles of something] are equal to four [right angles] because [it is] 
isosceles, [the question] still remains, Why [does] the isosceles 
{have exterior angles equal to four right angles]?—because [it is a] 
triangle, and this because [it is a] rectilinear figure. But if this [has 
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exterior angles equal to 4R] no longer because [it is] something 
else, then we know best. And then [we know] universally. There- 
fore universal [demonstration] is superior.’ 


He admits here that ‘‘x has 4R because x is isosceles’ is an explanation (although 
not the best explanation) and that we can know that x has 4R for this reason 
(although our knowledge is not the best that can be had). The point recurs at I.24 
85b5-15. 


THESE PASSAGES COMPARE two sorts of cases. (1) x is a bronze isosceles triangle; 
x has 2R; P knows a proof that isosceles triangles have 2R; P holds that x has 2R 
because x is an isosceles triangle; therefore, P knows that x has 2R. (2) x is a 
bronze isosceles triangle; x has 2R; Q knows a proof that triangles have 2R; QO 
holds that x has 2R because x is a triangle; therefore, Q knows that x has 2R. 
Aristotle says that Q’s knowledge is better than P’s since triangles have 2R in 
virtue of their own nature as triangles, not because they are anything else, while 
isosceles triangles have 2R not because they are isosceles triangles but because 
they are triangles—not in virtue of their own nature, but in virtue of something 
else’s nature: 


1.24 85a23-24 ‘We know each thing better when we know it by 
virtue of itself than [when we know it] by virtue of something 
else.”’ 


The contrast between ‘‘by virtue of itself’’ (kath’ haut6) and ‘‘by virtue of some- 
thing else’’ (kaz’ dllo) is quite different from the distinction between per se (kath’ 
haut6) and accidental (kata sumbebékés), but is a distinction among grounds for 
knowledge of relations that are per se in the familiar way. The attribute 2R be- 
longs to triangle because of the nature of triangle. It belongs to isosceles triangle 
not because of the nature of isosceles triangle, but because of the nature of tri- 
angle. This does not mean that isosceles triangle—2R is an accidental relation; it 
is not. It means only that isosceles triangle—2R is proved by virtue of triangle, 
which is something else than (has a different essence from) isosceles triangle. 
This point is also made at 85b5—15. Nor does this mean that triangle—2R is self- 
explanatory. As a nonessential per se relation, it needs explanation, but the ex- 
planation depends on the essence of triangle (having three sides and therefore 
having three angles, etc.), not on the essence of any other subject to which the 
attribute 2R belongs. 

When Aristotle says that demonstration per se is of universal relations (1.4 
74a1—2), and that we have scientific knowledge in a nonaccidental (i.e., per se) 
way when we know that an attribute belongs to a subject by virtue of that by 
virtue of which it belongs (1.9 76a4—5), he is stressing the importance of proving 
conclusions in the right way—establishing the relation between an attribute and 
its primary subject—since this yields the best kind of knowledge. I therefore find 
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no good evidence for the view that there can be no scientific knowledge of rela- 
tions like isosceles—2R. 

I have said nothing so far on the question whether Aristotle thinks all the 
premises of a proof of a universal relation are convertible, a doctrine that Barnes 
(p. 247) calls the ‘‘most extreme form’’ of ‘‘the doctrine of the Commensurate 
Universal.’’ The first thing to point out is that Aristotle never asserts this view. 
Second, his recognition of cases in which an attribute has more than one primary 
subject and his analysis of the demonstrations found in these cases*” prove that 
this view cannot be maintained generally. Third, the analysis of the proof of 
triangle—2R shows that the premises need not convert. On the other hand, in a 
syllogistic proof whose conclusion is ‘‘All A’s are B,”’ all premises must be uni- 
versally affirmative (it must be proved by a series of syllogisms in Barbara), and 
so, if A and B convert, each of the premises must convert. On a plausible inter- 
pretation of the argument that broad-leaved plants are deciduous because the sap 
congeals in the connection of the leaf stalk4* the premises are both convertible: in 
all and only broad-leaved plants does the sap congeal in the connection of the leaf 
stalk, and all and only the plants whose sap congeals in the connection of the leaf 
stalk are deciduous.49 


The Varieties of 
Demonstration, II: 


Application Arguments 


CHAPTER XIV 


THE CHIEF TYPE of demonstration (considered above in Chapter 13) proves that 
an attribute belongs universally to its primary' subject (I shall call this a USA 
proof). A USA proof establishes, for example, triangle—2R and not isosceles 
triangle—2R. But what is the status of isosceles triangle—2R?? It is either per se 
or accidental. If it is accidental it does not belong of necessity. But since every 
isosceles triangle must have 2R, it is not accidental. Therefore, it is per se. But 
if per se relations are either unprovable principles or conclusions of proofs, and 
if proofs establish universal relations, then since it is neither a principle nor a 
universal relation, it is not per se either. 

The paradox is only apparent; there is a proof of isosceles triangle—2R, 
which consists in applying the universal relation triangle—2R to the specific case 
of isosceles triangle. The argument proceeds thus: isosceles triangle—2R because 
isosceles triangles are triangles and triangle—2R. 


2R — triangle — isosceles triangle 


I shall call such proofs application arguments.3 Aristotle warns against proving 
isosceles triangle—2R directly, as if isosceles triangle had 2R by virtue of its 
own specific nature. It does not. It has 2R by virtue of having the generic char- 
acter of triangle. This is the force of the passages discussed in the previous sec- 
tion. 


Applications to Species 


Application arguments apply universal conclusions of USA proofs (A belongs to 
S) to species, subspecies, or other subdivisions of the subjects of the original 
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proofs, or even to individuals belonging to the species, and so on. They can also 
apply immediate per se relations as in the argument 


having three sides — triangle — isosceles triangle. 


Application arguments prove per se, non-universal relations, and they use im- 
mediate premises. The relation between genus and species is immediate, and a 
nonimmediate connection between a genus and a subspecies is mediated by in- 
termediate species, so as to form an immediate nexus. For example, in the argu- 
ment 


animal — bird — pigeon, 


supposing that animal is the proximate genus of bird and bird of pigeon, then bird 
mediates the connection between animal and pigeon, but there is no such media- 
tion between bird and animal or between pigeon and bird. Moreover, since bird 
will be defined as animal plus certain differentiae, and pigeon as bird plus certain 
differentiae, the immediateness of these connections is revealed by the defini- 
tions. Similar arguments establish the same point for other subclasses of a genus 
than species. As long as they are specifiable as types falling within the genus, the 
formulas specifying them can be supposed to indicate their immediate connection 
with the genus or one of its species. 

Application arguments therefore have an honest claim to being demonstra- 
tions. Their conclusions are per se relations. Their major premises are per se 
relations that are either immediate or the conclusions of USA proofs. Their minor 
premises are per se relations that are immediate and definitional. Their middle 

“terms are the grounds for their conclusions: isosceles triangles have 2R because 
they are triangles and triangles have 2R. The case is similar when the application 
requires more than one step, as from figure to triangle to isosceles triangle. Once 
a science is organized with genus/species trees of its subjects, there is no diffi- 
culty in constructing such arguments. This is the point of the following passage: 


IIl.14 98a1-12 ‘‘With a view toward getting the problems,’ it is 
necessary to select both the anatomies and the divisions? and to do 
so in the following way. (1) Posit the genus common to all (e.g., if 
the things under investigation are animals), (2) select what kinds of 
things® belong to every animal. (3) When these have been grasped, 
next select what kinds of things attend¢ the first of the remaining 
things,° for example, if this is a bird, what kinds of things attend 
every bird, (4) and always in this way [to select the kinds of things 
that belong] to each subject in order. For it is clear that we will im- 
mediately be able to say why the attributes belong to the subjects 
that fall under the common genus, for example, why they belong to 
man or horse. Let A stand for animal, B the things that attend every 
animal, C, D, E particular [kinds of] animals. It is clear why B be- 
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longs to D, for it does so through A. And similarly for the others. 
And the same account always holds in the case of the remaining 
subjects.’’! 


NOTES ON TRANSLATION 

a. ‘Getting the problems’’ means identifying the subject-attribute relations 
the science will demonstrate. 

b. In ‘‘both the anatomies and the divisions,’’ the ‘‘divisions’’ will be a 
taxonomic arrangement of subjects into genera and species. Aristotle tells us to 
“*select’’ subjects that form such an arrangement.+ Ross (ad loc.) gives reasons 
for treating ‘‘anatomies’’ as equivalent to ‘‘divisions’’; Barnes (ad loc.) gives 
reasons against. If they are not equivalent, what information do the ‘‘anatomies’”’ 
provide for the construction of a science? Mure suggests that ‘‘anatomies’’ refers 
to a process of identifying attributes—an attractive idea, but a usage without par- 
allel and one that Aristotle would need to explain. (Barnes appears to accept 
something like Mure’s suggestion.) 

c. ‘‘What kinds of things’’ means ‘‘what kinds of attributes.”’ 

d. ‘‘What kinds of things attend’’ means ‘‘what attributes belong.”’ 

e. ‘‘The first of the remaining things’’ refers to the most general of the 
remaining subjects in the taxonomy, one of the proximate species of ‘‘the genus 
common to all.’’ Aristotle’s language at a5—7 should be modified to make explicit 
that there is more than one species of each genus. 

f. ‘‘In the case of the remaining subjects’’ means literally ‘‘in the case of 
those below’’—“‘‘below’”’ on the taxonomic chart. The same point is made if for 
kato (in manuscript n) we read dillon with the rest of the manuscripts. 


DISCUSSION 

The first part of this passage (aI—6) prescribes a method for determining 
relations that a science will subsequently set out to prove: set out a genus/species 
chart for the subjects in question (the ‘‘divisions’’), somehow identify all their 
attributes (the ‘‘anatomies’’?), and then match each attribute with the most gen- 
eral subject to all of whose members it belongs.> 


WHAT IS IMPORTANT for now is the second half of the passage (a7—12), which 
tells how to apply the results obtained by the method of the first half to the species 
and subspecies of the subjects to which the attributes have been seen to belong. 
If we know that attribute A belongs to subject S by the method of aI—6, a7—12 
tells us that if S’ is a species of S, then A belongs to S’, and the reason why is that 
A belongs to S. Thus, if S—A is the conclusion of a USA proof, S’—A is the 
conclusion of an application argument with middle term S. This point is easy to 
generalize to cover the subspecies and other subclasses of S.° 
The following passage takes up a question left over from II. 14: 


11.17 99b7-I1.18 99b14 ‘‘But* if they do not at once reach the in- 
divisible> and the middle is not only one, but more, also the grounds 
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are more. But which of the middles is the grounds of the particu- 
lars‘—the one that is first in the direction of the universal, or the 
one [that is first] in the direction of the particular?* Now it is clear 
that it is what is nearest to each thing for which it is the grounds. 
For this is the grounds of the first thing’s belonging under the uni- 
versal;* for example, C is the grounds of B’s belonging to D. Now 

C is the grounds of A’s belonging to D and B [the grounds of A’s 
belonging] to C, and [A] itself [the grounds of A’s belonging] to this 
[to B].”’ 


NOTES ON TRANSLATION 

a. The introductory sentence, ‘‘But. . . more,’’ belongs to II.17. 

b. ‘‘The indivisible’’ means an immediate relation. 

c. ‘‘The grounds of the particulars’’ means the grounds for A’s belonging 
to D. 

d. ‘‘The one. . . the particular’ (b9-10) means that B is first in the direc- 
tion of A, and C is first in the direction of D. A is ‘‘the universal,’’ D ‘‘the 
particular.”’ 

-_ e. In ‘‘of the first thing’s belonging under the universal,’ the ‘‘first thing”’ 
is D, ‘‘the universal’’ is A. 


DISCUSSION 

Aristotle considers the relation A—D where there are two middle terms B, 
C, such that A—B, B—C, and C—D are immediate relations. The argument 
works both where D is an individual and where D is the narrowest species in the 
sequence A,B,C,D. In a way B and C are both grounds of A’s belonging to D 
‘(also the grounds are more’’), but which is ‘‘the’’ ground? C is uncontrover- 
sially ‘‘the’’ ground of B—D and B of A—C. A is called ‘‘the’’ ground of A—B, 
which as an immediate connection is sometimes called ungrounded and some- 
times self-grounded, and holds solely because of the natures of its subject and 
attribute as stated in their (fat) definitions. As for A—D, Aristotle identifies C as 
“‘the’’ ground. Consider the application argument 


4R—tectilinear figure — triangle — isosceles triangle. 


Aristotle says that ‘‘the’’ ground for isosceles triangle—4R is triangle. This may 
seem an odd choice. We might think it more explanatory to say that isosceles 
triangles have 4R because they are rectilinear figures. But in Aristotle’s view, 
they have 4R because the proof consists in applying a conclusion of a prior ap- 
plication argument (triangle—4R) to a subspecies of the subject term of the prior 
proof. This conception is based on the model of the taxonomic chart described in 
II.14, and requires us to move the minimum possible number of steps up or 
down. 
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Whereas USA proofs are of the form 


S—A 1A, 
Se 


where S is the subject, attribute A, belongs per se to S, and attribute A, belongs 
per se to A, by being an element in the fat definition of A,, application arguments 
are of the form 


S,—S,—A ’ 
—“————" 


where attribute A belongs per se to subject S,, and subject S, is related per se to 
subject S,. 


Applications to Individuals 


Application arguments work for individuals too. Universal conclusions of USA 
proofs can be applied to individual cases to yield scientific knowledge of them. 
Applications to individuals are importantly different from applications to species. 
Consider the following two arguments. 


AI. All triangles have 2R; 
A2. All isosceles triangles are triangles; 
A3. Therefore, all isosceles triangles have 2R. 


Br. All triangles have 2R; 
B2. This is a triangle; 
B3. Therefore, this has 2R. 


Whereas AI states a necessary, per se fact about triangles, and A2 and A3 nec- 
essary, per se facts about isosceles triangles, neither B2 nor B3 states a necessary, 
per se fact. There are no necessary per se geometrical facts about this qua an 
individual. B2 is contingent since any individual triangle can (qua physical) un- 
dergo changes, but if an individual is a triangle, then qua triangle it must have 
2R.7 The necessary, per se connections of universals carry over to individuals in 
this derivative way, and so although there is no unqualified scientific knowledge 
of individuals, there is a kind of demonstration and scientific knowledge of indi- 
viduals nonetheless. 

The ambiguous status of this knowledge of individuals is described in the 
following passage: 


1.8 75b24-30 ‘‘Therefore there is no demonstration or scientific 
knowledge of perishables without qualification, but as if* inciden- 
tally, because it does not apply to it universally® but at a time and in 
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a way. Whenever there is [such demonstration and knowledge] one 
premise must be non-universal and perishable—perishable because 
the conclusion will hold too when it does, and non-universal be- 
cause it will apply to one [of the individuals] to which [the major 
premise applies], but not to another‘—so it is impossible to deduce 
[a] universal [conclusion], but [it is possible to deduce] that [the 
conclusion holds] now.’’ 


NOTES ON TRANSLATION 

a. Hotitos hdsper (‘‘as if’’) is frequently translated ‘‘only,’’ for instance by 
Mure and Barnes, but hdsper means ‘‘quasi’’ (Bonitz 872b48—54). Ross is better 
(p. 532): ‘‘only in a qualified sense.”’ 

b. I read kathdélou, with the manuscripts. 

c. Lread toi . . . tdi, with Ross. 


DISCUSSION 

The passage is stated in terms of perishable individuals, but what it says 
about perishables’ not being universal holds for all individuals, not for perish- 
ables qua perishable. It admits a derivative, second-rate kind of demonstration 
and scientific knowledge of individuals, depending on application arguments in 
which a universal major premise (either a principle or a conclusion of a USA 
proof) is brought to bear on an individual case through a minor premise whose 
subject is the invididual in question. The kind of knowledge such an argument 
yields is ‘‘as if incidental,’’ which is not to say that the fact that an individual 
triangle has 2R is incidental (if it were, there could be no scientific knowledge of 
the fact at all), but rather that the necessary scientific fact triangle—2R applies 
incidentally: not to that triangle but to that individual. It applies only so far as 
that individual happens to be a triangle. 


ANOTHER FEATURE Of application arguments regarding particular subjects is dis- 
cussed in the following passage: 


I.1 71a17-29 ‘‘When a person previously knows some things, it 
is possible [for him] to come to know [something else] at the same 
time that [he is] getting knowledge of others, that is, all the things 
that happen to fall under the universal of which? he has the knowl- 
edge. For he previously knew that every triangle has 2R, but as 
soon as he recognized? that this figure in the semicircle is a triangle, 
he came to know [that it has 2R]. (For the learning of some things 
happens in this way and the final subject* does not come to be 
known through the middle‘—{that is], all the things that happen to 
be individuals and are not [said] of any subject.)* But perhaps it 
should be said that before he recognizes it [as a triangle] or forms 
the deduction, in a way he has scientific knowledge,‘ but in another 
way he does not. For regarding what he did not know without quali- 
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fication to exist, how did he know without qualification that this has 
2R? Clearly, in one way he has scientific knowledge, because he 
has scientific knowledge universally, but he does not have scientific 
knowledge without qualification.” 


NOTES ON TRANSLATION 

a. In ‘‘of which’’ I read hod with Ross. 

b. I defend ‘‘as soon as he recognized’’ as an interpretation of hdma epa- 
gomenos in McKirahan 1983. 

c. In the example, ‘‘The final subject’’ would be the individual triangle. 

d. ‘‘The middle’’ refers to the immediate nexus that forms the proof of the 
universal proposition. 

e. ‘‘Not [said] of any subject’’ proves that Aristotle is talking about indi- 
viduals, not species. 

f. Regarding ‘‘has scientific knowledge’’ (epistasthai), see note a, on I.2 
71bg—12 in Chapter 2 above. 


DISCUSSION 

This passage treats a partial exception to the rule propounded at I.1 71aI— 
11, that all intellectual teaching and learning depend on prior knowledge. Here 
we learn one thing simultaneously with learning another when we previously 
know a third. In the example, we already know A: triangle—2R, and then as soon 
as we recognize that B: this figure in the semicircle is a triangle, we know that C: 
this figure in the semicircle has 2R. In such cases we apply A (a conclusion hold- 
ing universally) to one particular falling under it and do not need to prove C by 
the same proof used to prove A. Such learning depends on two moves: first (a24), 
recognizing B, and second (a25), forming the deduction 


A—B—C. 
Se 


Aristotle puzzles about whether a person who knows A also knows C before 
he knows that the particular triangle exists, and characteristically concludes that 
in a way he does and in a way he does not. He does not know C without qualifi- 
cation, but since he knows A, in some sense he knows C. Aristotle says that he 
knows C “‘universally.’” Then, when he learns B and forms the deduction, he 
knows C without qualification. The passage indicates that there can be unquali- 
fied (haplés) knowledge of individuals—a doctrine in apparent conflict with 1.8 
75b24-25, which only recognizes knowledge of individuals that is ‘‘as if inci- 
dental’’; unqualified scientific knowledge is reserved for universals. I suggest that 
I.1’s unqualified knowledge that this triangle has 2R is the same as I.8’s ‘‘as if 
incidental’? knowledge that this triangle has 2R—the best kind of scientific 
knowledge of individuals that can be had. The ‘‘universal’’ knowledge of I.1 is 
a worse way, an even more qualified way of knowing that this triangle has 2R, 
since we have it without being aware of this triangle. 
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The function of these arguments is to explain facts about particulars by 
reference to universal per se connections, which are the proper objects of dem- 
onstration. In general, these arguments will be of little interest from the point of 
view of scientific theory, and little is said about them, but they are the key to 
applying demonstrative science to the world. 


Applications to Natural Phenomena 


Application arguments also explain natural phenomena by showing them to be 
cases of connections proved in full generality. They need not be species. If it is 
generally true that fire makes a noise when quenched, the phenomenon thunder 
is explained if we show that it is the noise of fire’s being quenched in clouds. 
Similarly for eclipses: if it is generally true that an illuminated object suffers loss 
of light when an opaque object is interposed between it and its source of light, 
and if we then show that an eclipse is just such a loss of light, we then have an 
explanation of eclipses. (Thunder and eclipses are not species of quenching of 
fire or of ‘‘screening,’’ they are rather kinds of cases.) 

This kind of application argument raises interesting issues for Aristotle’s 
theory. The argument regarding thunder starts with what we may take to be the 
result of a USA proof, ‘‘a certain noise is produced when fire is quenched.’’ The 
other premise must specify a certain range of cases of fire’s being quenched. It is 
hard to see just how the argument would go,® but Aristotle clearly intended his 
theory to cover such cases. The significant feature of the second premise, whether 
it is ‘‘fire is quenched in clouds’’ or ‘‘quenching of fire belongs to quenching of 
fire in clouds’’ or ‘‘quenching of fire belongs to clouds,’’ is that it does not state 
a necessary or per se fact about either fire or clouds. It is not part of the nature of 
firé to be quenched in clouds or of the nature of clouds to have fire quenched in 
them, nor is all fire quenched there, nor does fire quenching take place in all 
clouds. Likewise for the first premise. Not all fire is quenched, and so not all fire 
makes the certain noise. How, then, can such an argument be related to demon- 
strative science? 

I offer the following suggestions for dealing with such cases. The first 
premise is a per se fact about fire, but one of a type not found in mathematics. As 
a natural object, fire is by its nature subject to change, and part of natural science 
will consist in studying what kinds of changes it undergoes and under what con- 
ditions. If such and such conditions occur, fire will change to earth; if such and 
such other conditions occur, fire will change to water. This is not to say that all 
fire becomes earth, much less that it always becomes earth or always becomes 
both earth and water. Rather, it is to say that it is a per se fact about fire that if 
such and such conditions occur it becomes earth.? This fact can be quantified 
universally: All fire'® becomes earth if such and such conditions occur. 

More significant for present concerns is the second premise. I suggest that 
it should be treated like the case of individuals discussed in the previous section. 
It is a contingent matter whether fire is quenched in clouds, and therefore what 
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happens when fire is quenched in clouds cannot be a necessary, per se fact about 
fire. Nevertheless, if the first premise is interpreted as stating a necessary, per se 
fact about fire, then if the second holds, the conclusion must hold. /f fire is 
quenched in clouds, then the noise must be produced. 

This argument therefore takes a necessary, per se fact that holds always, 
and applies it to a contingently occurring type of case. The conclusion holds 
whenever and wherever such a case occurs. A distinction useful to our present 
concerns is introduced at I.8 75b33-35."! This passage suggests that thunder can 
be considered either as a contingent phenomenon that does not occur always but 
only repeatedly, or as ‘‘of a certain kind,”’ as a special case of a universal, nec- 
essary, per se connection that does hold ‘‘always.’’ According to the former way 
of thinking, the demonstration of thunder does not hold always, because thunder 
does not always occur. In that case, we do not have full scientific knowledge of 
thunder. But thunder is not a merely contingent event either. If it were, it would 
not be treatable by science in any way. But the point of the passage is that in 
some way science can treat it. The demonstration applies whenever thunder oc- 
curs; it can do so because thunder is a special case of a universal, necessary, per 
se fact that holds always. This second way of considering thunder focuses on the 
relevant universal scientific facts that cover thunder and on the general classifi- 
cations under which thunder falls. In effect, it considers the first premise in the 
demonstration, regarding thunder as a specific range of cases of noise produced 
when fire is quenched. This way of regarding thunder connects it with a univer- 
sal, necessary, per se connection about fire that holds always. Such knowlege is 
‘‘partial’’ in that it is an application of a general truth (the first premise) to a 
specific range of cases (specified in the second premise). 

What scientific knowledge do we have of thunder? There are two possible 
answers, depending on our focus. In one way, it is the first premise: insofar as 
thunder is ‘‘of a certain kind,’’ noise produced by the quenching of fire, the first 
premise is the relevant scientific knowledge. But it is possible to know that prem- 
ise and not even know that thunder exists. Hence the need for the application 
argument. From this point of view, the relevant knowledge is the conclusion of 
the argument. 

As with application arguments concerning individuals, those concerning 
types of cases have little theoretical interest for the theory of demonstration. But 
they do have great practical importance. To judge by Aristotle’s examples, many 
phenomena and facts will be brought within the scope of demonstration and sci- 
entific knowledge by being classified as types of cases of universal, necessary, 
per se truths, so as to be explained by application arguments of the sort just dis- 
cussed. ' 

Application arguments provide a way to meet the objection that APo does 
not distinguish between knowing why thunder occurs and knowing why thunder 
is now occurring,’ the former requiring a general explanation of thunder, the 
latter an explanation of a particular thunderclap.'* The preceding discussion in- 
dicates that both facts are the subjects of application arguments that have the same 
major premise but different minor premises. In the general explanation, the minor 
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premise is, perhaps, ‘‘fire is quenched in clouds,”’ while in the particular expla- 
nation it is, perhaps, ‘‘fire is now being quenched in clouds.’’ These different 
cases fall under the second and third types of application arguments considered, 
and the passages cited for those types provide the tools to distinguish between the 
two. 

Knowing why thunder occurs can be ‘‘always’’ (qua knowing that noise is 
produced by the quenching of fire) or ‘‘partial’’ (qua knowing that noise is pro- 
duced by the quenching of fire in clouds) (cf. 1.8 7533-35); and knowing why 
thunder is occurring, which depends on a non-universal, perishable minor prem- 
ise, is not knowledge without qualification, but ‘‘as if incidental’’ knowledge (cf. 
1.8 75b24-30). It would have been useful for Aristotle to discuss the two cases 
in relation to each another and not just in relation to full, universal scientific 
knowledge, and for him to say more about the two types of cases. But it is unfair 
to charge him with complete failure on this count. Further, however important 
these two types of cases may be to us, Aristotle’s focus in APo is understandably 
elsewhere, and in view of the logically trivial nature of application arguments it 
is unsurprising that he pays them little attention. 


Applications in the Preliminary Stages of Science 


Application arguments are also useful in the preliminary work of organizing sci- 
ences. Suppose we are following the directions of II.14 98aI—6, translated and 
discussed earlier in the present chapter. The kind of thought characteristic of ap- 
plication arguments will be useful at the stage of matching each attribute with its 
most general subject. It is also useful at the stage of determining what subjects 
are genera and species of what. APo I.5 74a33—b4'5 is relevant here. If we notice 
that a certain attribute (A) belongs to some subject (S), we may find A’s primary 
subject by abstraction and generalization through successively wider subjects 
S,,S,, and so on. If the abstraction and generalization are done correctly, at each 
stage (S;) we will be able to prove that A belongs to S by an application argument 
beginning with major premise ‘‘A belongs to S;.”’ 


Application Arguments and Syllogisms 
Although application arguments have little general importance for the theory of 
demonstrative science, they are specially suitable for syllogistic treatment. In the 


argument 


2R—triangle—isosceles triangle, 


though the major premise triangle—2R cannot be proved by syllogistic reason- 
ing,'® once this result is achieved by whatever means, we can proceed in an ap- 


Application Arguments 187 


plication argument along strict syllogistic lines. The case for applying general 
facts to subclasses that are not species and to individuals is similar. It is presum- 
ably this feature that sometimes leads Aristotle to speak as if all demonstrations 
work like application arguments. 

An instructive case is I.22, which contains three arguments that proofs can 
have only a finite number of steps. Although the difficult and unsatisfactory'’ 
nature of the arguments makes interpretation uncertain, application arguments are 
the basis of the chapter. The first and third arguments are based on the principles 
that definitions by genus and differentia are intelligible, and so contain only fi- 
nitely many terms. According to the first argument (which extends to 83b31) a 
demonstration that a subject has an attribute can have only finitely many middle 
terms because (a) either the attribute is in the definition of the subject, or (b) the 
attribute is an accident. If so, it is either (1) a per se accident or (2) an accidental 
accident. Case (2) need not be further considered because there is no scientific 
knowledge or demonstration of such accidents. If (1), then (i) either it belongs 
directly to the subject or (ii) it belongs to the subject by virtue of belonging to 
one of the elements in the subject’s definition, in which case there is only a finite 
number of steps connecting the subject with that element. If this reading of the 
argument is right, Aristotle overlooks the USA proof that the attribute belongs to 
the subject or to the element in the subject’s definition in virtue of which it be- 
longs to the subject, and concentrates on application arguments, the kind of 
proofs for which the model of definition by genus and differentia is best suited, 
and which move through the elements of the subject’s definition to the subject. 

The third argument (84a7—28) is so firmly based on this view of definition 
as to maintain that the only provable conclusions are relations between a subject 
and things appearing in its definition (which here as before includes both its im- 
mediate and its higher differentiae and genera) or those of its attributes in whose 
definition it appears (its per se 2 attributes and their per se 2 attributes, etc.). In 
both arguments Aristotle’s views on the nature of definition allow him to argue 
concretely for claims that would be powerful results if generally true, but pre- 
cisely because they are based so narrowly on his view of definition they fail to 
cover the chief type of demonstration. 


The Varieties of 
Demonstration, III: 
Demonstrations 


of Existence 


CHAPTER XV 


THE TYPES OF demonstration so far considered, the only ones clearly envisaged 
in APo I,' prove that attributes belong to subjects. APo II opens by identifying 
four objects of scientific knowledge: 


II.1 89b23-35 ‘‘The objects of investigation are equal in number 
to the objects of scientific knowledge.* We investigate four things: 
the fact [td hoti], the reason why [to dihoti], if it is [ei ésti], and 
what it is [ti esti]. For when we investigate whether it is this or this, 
putting it into number,” for example, whether the sun suffers eclipse 
or not, we are investigating the fact. . . . When we know the fact, 
we investigate the reason why; for example, when we know that it 
suffers eclipse or that the earth moves we investigate the reason why 
it suffers eclipse or moves. Now these things [we investigate] in this 
way, but some things we investigate in another way, for example, if 
[a] centaur or god is or is not. I mean ‘if it is or not’ without qualifi- 
cation, and not if it is white or not. When we know that it is, we 
investigate what it is, for example, what is [a] god or what is [a] 
human?”’ 


NOTES ON TRANSLATION 

a. The word I translate as ‘‘scientific knowledge’’ (epistasthat) is meant in 
its strong sense (cf. note a on 1.2 71bg—12 in Chapter 2 above). It is significant 
that this is the only use of the word in this passage (see just below). 

b. For suggestions about what the curious phrase ‘‘putting it into number’’ 
means, see Barnes. Could it mean ‘‘quantifying’’? Part of this kind of investiga- 
tion is determining whether the attribute belongs to all, some, or none of the 
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subject. This sort of work will be a part of the procedure described at II.14 98a1— 
6 (translated and discussed in Chapter 14 above). 


DISCUSSION 

We may speak of four questions corresponding to the objects of investiga- 
tion this passage identifies. The first two questions are: ‘‘Does attribute A belong 
to subject S?’’ and ‘‘Why does A belong to S?’’. The second two are: ‘‘Does 
subject S$ exist?’’ and ‘‘What is S?’’ Likewise, we may speak of four kinds of 
investigations, for example, the investigation that seeks to answer questions of 
the form ‘‘Does A belong to S?’’ I shall call these investigations ‘‘I1,’’ ‘‘I2,”’ 
“‘I3,”’ and “‘I4’’ respectively. 

According to the present passage, I1 and 12 investigate subject-attribute 
relations: (II) investigates whether the attribute belongs to the subject, and (12) 
investigates why it belongs. Unlike APo I, which mainly describes the structure 
of finished sciences, this passage discusses the research phase of a discipline, 
when we are determining what the facts are and whether certain facts can be 
shown to follow from the principles. The situation of the formally presented sci- 
ence is different. There we do not attack the question of fact separately from the 
question of the reason why. There is no independent confirmation of the fact. The 
conclusion emerges from the principles, and the proof shows how. The present 
passage does not say that each of the investigations gives scientific knowledge of 
its results. A successful I1 investigation leads to discovery that the attribute be- 
longs to the subject. At this point we know that it belongs, but do not have sci- 
entific knowledge that it belongs. A successful [2 investigation then leads to dis- 
covery of why it belongs, how it follows from the principles. At this point we 
have scientific knowledge of both why it holds—since we have the proof—and 
that it holds—since we know it as the conclusion of the proof. 

The third and fourth questions introduce new material. The examples (god, 
centaur, human) make it clear that they treat subjects in their own right, not in 
their relation to attributes. Aristotle attempts to capture this distinction by saying 
that the third asks whether things are without qualification (haplés), as opposed 
to the first which asks whether they are something (ei ésti ti) (II.2 90a3—5) or 
whether they are “‘partially’’ (epi mérous) (89b39, etc.). In addition the third 
deals with subjects (hupokeimenon, 90a12). Further examples are the moon, 
earth, sun, and triangle (which are all subjects in their sciences, even if not all 
are substances). The first deals with attributes (t6n huparchdnton, a33). One of 
the examples is 2R. It is generally agreed that the third question amounts to the 
question whether there are x’s or whether x’s exist, and I shall accept this inter- 
pretation. The close parallel between the first and second pairs of questions and 
investigations (their similarity is the theme of II.2) suggests that the following 
account holds for the second pair. First, we ask (and so, investigate) whether x 
exists, where x is a subject in a science’s subject genus. When we know that x 
does exist, we ask (and so, investigate) what x is. With this knowledge we can 
construct a demonstration that x exists, and this demonstration gives us scientific 
knowledge of x’s existence and of what x is. 
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I believe that Aristotle is committed to this account. But there are several 
problems of interpretation. P1: how does investigating whether subjects exist fit 
into the structure of science? P2: how is it possible to investigate whether some- 
thing exists if we do not even know what it is? How will we know what to look 
for? How will we recognize it if we find it?? 


THE SECOND SENTENCE Of II.2 raises other problems. 


II.2 89b37—90a1 ‘‘When we investigate the fact or if it is [sc., I 
and I3] we investigate whether there is a middle of it* or not; and 
when we know either the fact or if it is (whether partially or without 
qualification)® and in turn investigate the reason why or what it is 
[sc., I2 and [4], then we investigate what the middle is.”’ 


NOTES ON TRANSLATION 

a. “‘It’’ refers to the fact that the attribute belongs to the subject or that the 
subject exists. 

b. ‘‘Whether partially or without qualification’ gives alternate specifica- 
tions of the question ‘‘if it is.’” APo II.2 90a2—5 makes it clear that the question 
“if it is’? when taken “‘partially’’ is the question whether A belongs to S, and 
when taken ‘‘without qualification’’ is the question whether S exists. 


DISCUSSION 

This passage brings the following problems. P3: How can investigating [1 
be the same as investigating whether there is a middle, since the latter investiga- 
tion should presuppose that the former, which determines whether the attribute 
belongs to the subject, is already completed? P4: How can we find that there is a 
middle without finding what the middle is? P5: How can we look for the middle 
before knowing what the middle is? P6: Likewise for 13, how can investigating 
whether something exists be the same as investigating what the middle is? What 
is the meaning of ‘‘middle’’ in this context? P7: In what sense is the middle the 
definition or essence (‘‘what it is’’) of the subject? 

The solution to P1 depends on distinguishing between primitive and deriv- 
ative subjects. Primitive subjects cannot be proved to exist any more than im- 
mediate relations can be proved to hold.3 But if the subject matter of a science is 
such that some subjects can be proved to exist given the existence of others, this 
distinction applies. Derivative subjects can be proved to exist, just as nonimme- 
diate connections of subject and attribute can be proved to hold, and in both cases 
we need to investigate what the proofs are. The context of investigating I3 (like 
that of investigating I1) is the context of scientific enquiry. The point of I3 is to 
determine whether something exists qua subject of the given science, and this 
amounts to determining whether it can be proved to exist. 

The key to P3 is understanding when It and I2 are appropriate. The ‘‘rea- 
son why’’ (g0a1) is a scientific explanation via a middle: a demonstration through 
an appropriate nexus of immediate relations. In investigating the reason why, we 
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are looking for a proof of a fact we already know. The context of I1 is the special 
context of scientific inquiry. If asking whether attribute B belongs to subject A is 
tantamount to asking whether there is a scientific explanation of A—B, then Ii 
does not simply investigate whether B belongs to A, but whether B belongs to A 
and whether A—B can be proved from the principles of the science in question. 
In effect, I1 investigates whether the question ‘‘Does B belong to A?’’ is a sci- 
entific question.4 

P6 yields to this same approach. I3 does not investigate simply whether 
something exists, but in addition whether its existence can be proved from the 
principles of the science. And as with I1, for there to be a proof is for there to be 
a middle. 

P4 and P5 present methodological riddles. How can we find that a middle 
exists without discovering what it is, as 11 and I3 require us to do if I2 and I4 are 
separate and subsequent investigations? And how can we look for something 
without knowing what it is we are looking for, as 12 and I4 require us to do? How, 
that is, can Ir and I2 be kept distinct from each other, and likewise 13 and [4? 

The answer I offer is that the confusion arises not in practice but in hind- 
sight. In practice, when we investigate the fact (11), we try to find out not only 
whether the relation holds but also whether it is a likely candidate for a conclusion 
of a proof in the given science. If we determined that it is a conclusion of a proof, 
it is hard to see how we could fail to be in a position right then to identify the 
middle,‘ but if we only determine that it is a likely candidate for a conclusion of 
a proof, there is room for I2 to take hold. We still need to discover what the 
middle is, and until we discover the middle and so form the demonstration, it is 
early to say that we have proof that the relation holds. The case of [3 and [4 is 
similar. In investigating whether x exists, we try to find out not only whether x 
exists but also whether it is likely that x’s existence follows from that of the 
primitive subjects of the science. At that point 14 becomes pressing: what is the 
middle that proves that x exists? 

The solution to P4 and P5 therefore consists in softening the description of 
Ir and J3. In pursuing those inquiries, we are not yet determining that there is a 
middle, but only determining that it is likely that there is one. Then, in investi- 
gating I2 and [4 we discover how to prove the desired result, thus determining 
what the middle is. In retrospect, this natural progression of thought appears dif- 
ferent. Even if I1 and [3 identify likely candidates for conclusions of proofs, the 
only ones of interest are those for which proofs are actually found. Once a proof 
is found it is natural enough to say that [1 and I3 located not just a likely candidate 
but a successful one. That is, they identified facts that do have middles, and then 
I2 and 14 proceeded to find what the middles are. It is natural to focus on suc- 
cessful cases, and easy for us to see how this perspective leads Aristotle to speak 
in riddles. 

Solving P2 and P7 evidently depends on giving a reasonable sense to the 
claim that the middle of a demonstration that x exists is what x is. For if what x 
is is the middle in the proof that x exists, P2 amounts to asking how we can 
investigate 13 without knowing what the middle is, and this just means how can 
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we investigate [3 before pursuing 14, a question already answered (cf. P6, P4, 
Ps). 


I WILL APPROACH these questions by examining the structure of a Euclidean con- 
struction proof. Recall that constructibility corresponds to existence and that a 
proof that something can be constructed, which is based on the construction pos- 
tulates (P1—P3 of Elements 1) corresponds to a proof that it exists, which is based 
on the existence of the primitive subjects points, straight lines, and circles.* Con- 
sider Elements I, proposition 46. 


D1. Ona given line to describe a square. 

D2. Let AB be the given straight line; 

D3. thus it is required to describe a square on the straight line AB. 

Dq. Let AC be drawn at right angles to the straight line AB from the 
point A on it, [I.11] and let AD be made equal to AB; through 
the point D let DE be drawn parallel to AB, and through the 
point B let BE be drawn parallel to AD. [1.31] 

Ds5.1. Therefore ADEB is a parallelogram; 

D5.2. therefore AB is equal to DE, and AD to BE. [1.34] 

D5.3. But AB is equal to AD; therefore the four straight lines 
BA,AD,DE,EB are equal to one another; [CN 1] 

Ds.4. therefore the parallelogram ADEB is equilateral. I say next 
that it is also right-angled. 

D5.5. For, since the straight line AD falls upon the parallels AB,DE, 
the angles BAD,ADE are equal to two right angles. [I.29] 

Ds5.6. But the angle BAD is right; therefore the angle ADE is also 
right. [CN 3] 

D5.7. And in parallelogrammic areas the opposite sides and angles 
are equal to one another; [1.34] therefore each of the opposite 
angles ABE,BED is also right. 

Ds.8. Therefore ADEB is right-angled. And it was also proved 
equilateral. 

D6. Therefore it is a square; and it is described on the straight line 
AB. Q.E.F.7 
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The proof proceeds in four stages. 


S1. It constructs figure ADEB. This is justified through the postu- 
lates and previously proven construction theorems. 

S2. It shows that ADEB is a rectangular equilateral quadrilateral 
(REQ). 

S3. It observes that since these are the essential attributes of 
squares, the figure ADEB is a square. 

S4. It concludes that the desired square has been constructed. 


The proof can be recast into an Aristotelian demonstration® that squares of any 
given dimension exist. 


S1. Given that the line AB exists.9 (A) The perpendicular AC to AB 
at the point A exists (Elements 1, proposition 11). There exists 
a segment AD of AC that is equal to AB. Euclid does not jus- 
tify this step. The point is determined by the intersection of 
AC with the circle of radius AB and center A, whose existence 
is guaranteed by P3. The existence of D can be proved by the 
axiom of continuity, which Euclid uses but does not state.'° 
(B) The existence of the parallel to AB through point D is 
guaranteed by Elements 1, proposition 31, as is the existence 
of the parallel to AD through point B. Euclid does not prove 
that the lines parallel to AB and AD intersect, although it fol- 
lows from P5. Thus, if we may take the previous theorems of 
Elements | as having been proved by Aristotelian demonstra- 
tions, it follows that there exists a closed rectilinear figure 
ADEB with the following attributes: AD is perpendicular to 
AB, AD equals AB, DE is parallel to AB, and BE is parallel to 
AD. 

S2. It follows from these attributes of ADEB, via regular subject- 
attribute proofs (either USA proofs or application arguments), 
that ADEB is a REQ; that is, being rectangular is a per se at- 
tribute of ADEB, as are being equilateral and being a quadri- 
lateral. 

$3. It follows from the fact that ADEB has these attributes that 
ADEB is a square. 

S4. Since ADEB exists and ADEB is a square of the given dimen- 
sion, it follows that squares of any given dimension exist. 


In SI we ascertain that ADEB exists. In fact, the procedure for ascertaining 
this fact gives us scientific knowledge that ADEB exists. (Since ADEB proves to 
be a square, we are in fact ascertaining that a square exists, but at this point it is 
proleptic to say that we have scientific knowledge that it is a square.) Moreover, 
the way ADEB’s existence is guaranteed (the method of its construction) makes 
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ADEB a likely candidate for being a square. S2 is the proof that it is a square, the 
nexus of immediate relations that shows that it is a square. And the attributes the 
proof shows ADEB to have are those that constitute the definition of square. In 
fact, the claim that the definition of square is the (or anyway, a) middle term in 
the proof is supported by the following sketch of the demonstration: 


quadrilateral 
ADEB — rectangular » — definition of square — square 


equilateral 


ADEB is a square because the definition of square is predicated of it, and the 
definition of square is predicated of it because it is an REQ. (There are further 
middle terms in the proofs of its being rectangular, equilateral, and a quadrilat- 
eral.) This is the solution to P7. 

The proof does not prove that squares are REQ’s. That is known already, 
an indemonstrable definition, one of the principles of geometry. It would be non- 
sense to set out to prove this.'' The object of proof is to show that certain attri- 
butes belong to something known to exist. That something turns out to be a 
square, since the attributes are the essential attributes of squares. But the crucial 
part of the proof does not show the tautology that the attributes in the definition 
of square belong to squares, but that the attributes in the definition of square qua 
attributes (not qua definition) belong to something known to exist (and not known 
to exist qua a square). 

Of course, Aristotle does not say that such proofs prove the definition, only 
that the definition is the middle in the proof of existence. But then, if we already 
know the definition, how can we look for it at all? Aristotle does say that the 
definition (‘‘what it is’’) is the object of inquiry 14. And if we need to know what 
it is in order to discover the proof that it exists, we are in violation of Aristotle’s 
demand that I3 precedes I4. The solution to these difficulties lies in the distinction 
between ‘‘what it signifies’ (tf sémainei) and ‘‘what it is’’ (ti esti) (II.7 92b4— 
8).'? The definition of a derivative subject is an indemonstrable principle, to be 
sure, but it tells “‘what it signifies’’ (where ‘‘it’’ is a name or expression), not 
‘what it is’’ (where ‘‘it’’ is now the actual thing). We begin by knowing the 
significance of the word ‘‘square,’’ but not knowing if any squares exist. When 
squares are proved to exist, the significance of the word becomes the essence of 
the thing: a square is an REQ. 

The proof that ADEB is a square can be understood as showing what ADEB 
is, establishing what its essence is: its essence is the essence of square—it is a 
square. Again, this is a proleptic description of the case. In proving that ADEB 
is rectangular, equilateral, and quadrilateral, we are proving per se attributes of 
it, just as if we were proving that the line AE bisects it. Of course the strategy of 
the proof determines which attributes we will pay attention to, but only in the 
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end, when ADEB has been shown to be a square, does it become reasonable to 
say that we were investigating the ‘‘what it is’’ of ADEB. We begin with the 
definition (‘‘what it signifies,’ not ‘‘what it is’’) of square, and in constructing a 
proof that squares exist we investigate the definition (‘‘what it is’’) of square. But 
what we ask is whether the existing figure ADEB has the attributes contained in 
the ‘‘what it [“square’] signifies,’’ and if it does, then the ‘‘what it signifies’’ 
proves to be ‘‘what it is.’’"3 This is the solution to P2. 
The general form of an existence proof is as follows: 


primitive 


. — Aexists — A—B, — essence of B — B exists 
subjects 


S1. The existence of primitive subjects is shown to entail the exis- 
tence of derivative subject A. 

S2. A is shown to have per se attributes B,, B,,. . . B,. 

S3. B,, B,, . . . B, are the essence of derivative subject B. 

S4. It follows that B exists. 


A few points remain to be examined. First, how well do existence proofs satisfy 
the general account of demonstrations? They have as much right as other dem- 
onstrations to be called scientific deductions (I.2 71b17—18) and to entitle the 
person who knows them to a claim to scientific knowledge of their conclusions. 
The kinds of principles they use will be the same kinds as those used in subject- 
attribute demonstrations: primitive existence claims (since the purpose of these 
proofs is to show that the primitive existence claims entail derivative existence 
claims), definitions (since their strategy is to show that something that exists sat- 
isfies the definition of the derivative subject),'4 and common axioms (since the 
inferences in these proofs may be justified by this kind of principle just as much 
as those in subject-attribute proofs).'5 

APo II.2 makes it clear that existence proofs give the explanation or 
grounds of their conclusions (goa6—11, aI4—15). The other chief requirement of 
demonstrations is that their conclusions are necessary, per se propositions. The 
application of this view to existence proofs can be made, but not wholly straight- 
forwardly, since existence is not a per se attribute, and Aristotle does not require 
the subjects of sciences to exist of necessity.'® On the other hand, given that the 
primitive subjects exist, the proof shows that the derivative subject must exist. 
Also, the proof proceeds by showing that an existing subject has certain per se 
attributes. Step S2 is no different from one or more subject-attribute proofs, 
whose conclusions have just as much a claim to be necessary and per se as do the 
conclusions of subject-attribute proofs. Further, if it is per se to A that it has 
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attributes B,, B,, . . . B,, and these are the essence of B, it is per se to A that the 
essence of B belongs to it. Thus, although the conclusion of an existence proof is 
not a per se and necessary proposition, the penultimate proposition and the prop- 
ositions derived before that are per se and necessary. 

Moreover, there is nothing frail about the conclusions of existence dem- 
onstrations as compared with those of subject-attribute proofs. Existence proofs 
depend on the (nonnecessary) existence of primitive subjects, but subject-attri- 
bute proofs also depend on the (nonnecessary) existence of the subject in ques- 
tion. Existence claims are likely to play a more prominent role in existence proofs 
than in the other kind,'7 but even if they do not appear in the other kind explicitly, 
they are presupposed. And subject-attribute proofs of per se relations require the 
subject to exist. For per se attributes are either parts of the ‘‘what it is’’ or are 
implied in the ‘‘what it is,’’ and for a thing to have a ‘‘what it is’’ (as opposed to 
‘‘what it signifies’) it must exist. 

A further similarity between the two types of proofs comes from the fact 
that subject-attribute proofs can be read as existence proofs of the attributes, since 
for an attribute to exist is for it to belong to a subject.'* Thus Aristotle says that 
we assume the definitions of attributes and prove that attributes exist (1.10 76b6— 
10, cf. a32—36). If we look at subject-attribute proofs in this way, the strategy of 
both types of proofs is seen to be the same. Euclid proves that lines are parallel 
by proving that if produced indefinitely in both directions they do not intersect 
(e.g., Elements I, proposition 27). Since parallel lines are defined as lines that do 
not intersect,'9 his strategy is to show that the lines in question satisfy the defini- 
tion of parallel lines. Thus, just as an existence proof may be sketched as follows: 
essence of subject subject 


primitive asian 
subjects A’ belongs toA A’ exists 


so a subject-attribute proof may be sketched as follows: 


primitive F essence of attribute ; 
— Aexists — — AisB 


subjects B belongs to A 


In the same way that the ‘‘what it is’’ of subject A’ can be called the middle of 
the demonstration that A’ exists, the ‘‘what it is’’ of attribute B can be called the 
middle of the demonstration that A is B.7° This is half the truth. On the other 
hand, the proofs also depend on the ‘‘what it is’’ of subject A. We have seen how 
the essence of the subject as well as that of the attribute is used in subject-attribute 
proofs.2? What would count by analogy as the essence of A is used in the same 
way in the proof that A’ exists. For the essence of A (qua A) is what is known 
about it from the way it follows from the primitive subjects. In Elements I, prop- 
osition 46, what is known about figure ADEB is that AD is perpendicular and 
equal to AB, AD is parallel to EB, and AB is parallel to DE. These facts entail 
that ADEB is an REQ and therefore a square. 
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The double role of essence in demonstrations is preserved. In subject-attri- 
bute demonstrations, the essences of both subject and attribute are crucial to the 
proof, and both have an equal right to be called middle terms. A is B not only 
because A is the sort of subject it is and not only because B is the sort of attribute 
it is, but for both reasons. Similarly in existence proofs, A’ exists both because 
A’ is the kind of subject it is and because something (A) whose existence follows 
from that of the primitive subjects is the kind of subject it is. 

In this chapter I have shown a surprisingly close fit between existence 
proofs and subject-attribute demonstrations. General assertions about the nature 
and structure of proofs, although made with subject-attribute proofs in mind, 
apply with only minor alterations to existence proofs, which thereby occupy a 
rightful place in demonstrative sciences. 


Demonstration of Essence: 
Another Form of 
Scientific Proof? 


CHAPTER XVI 


AFTER TREATING subject-attribute proofs, existence proofs, and their relations 
(II.1-2), Aristotle plunges into a lengthy aporetic discussion mainly on the ques- 
tion whether essence can be demonstrated (II.3-II.8 93a15). This is a surprising 
question to ask at all, since a cornerstone of the theory of demonstrative science 
is that essential attributes are indemonstrable, and proofs take as their starting 
point the essence of their subject (and attribute). APo II.3 presents these argu- 
ments and others and ends with the wholly negative result we would have antic- 
ipated. 

So far so good. The initial question is not expected because the answer is 
so obvious. But at least II.3 gives the obvious answer, and discusses the issue 
systematically and thoroughly, bringing up a variety of considerations stemming 
from the theory of demonstration, all of which point to the same negative answer. 

We can even see a reason for raising the question. APo II.1—2 in effect 
introduces a kind of demonstration, the existence proof, at best dimly anticipated 
in APo I. Aristotle is seeing how widely the concept of demonstration can be 
applied. If APo I did not (clearly, anyway) see that existence can be proved, 
maybe it also failed to see that essence can be. The topic is worth discussing. 

Even more surprisingly, II.4 and the following chapters resurrect it and 
pursue it vigorously. APo II.8 takes up again the questions what is definition and 
whether there are demonstration and definition of essence in any way or not at all 
(93aI—3), and concludes by summarizing the results it has achieved: 


11.8 93b15-20 ‘‘Now it has been said how the essence is grasped 
and comes to be known, and so there proves to be no deduction or 

demonstration of the essence but [it comes to be] clear through de- 

duction and demonstration. And so, it is not possible to know the 
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essence without demonstration in cases where the explanatory 
grounds is other, nor is there demonstration of it, as we stated also 
in [our treatment of] the puzzles.”’ 


What has the chapter achieved? And how well does this description fit? Its 
principal contribution is a method for investigating the reason why (dihdti) an 
attribute C belongs to a subject A. Following II.2, it says that this work is a hunt 
for the middle, which is the grounds of A—C (93a31—36). We are to find candi- 
dates and pick the best one, the one that best explains why C belongs to A (b3- 
7). The best explanation will be a term B immediately related to C (a35—b3). This 
kind of explanation is best because immediate relations are ‘‘uncaused causes’’ 
and hold in virtue of themselves. They have no further explanation. On the other 
hand, if there is a further explanation why B belongs to A, we must turn to the 
other candidates and pick the one that best explains this, and so on until we have 
a nexus of immediate relations reaching from A to C (b12-14). 

Two things are clear. First, we are dealing not with finished demonstrative 
sciences but with techniques for discovering and organizing facts. Second, there 
is no new type of proof. We are in effect discovering subject-attribute proofs. 
(An analogous story can be told for existence proofs.) And one thing is not clear: 
what does this discussion have to do with essences? After all, subjects have es- 
sences, and attributes have essences in a secondary kind of way, but here we are 
dealing with relations between subjects and attributes, and nothing has prepared 
us for the idea that they have essences. In fact, I].1-2 stresses to the point of 
tedium that subjects differ from subject-attribute relations in that subjects have 
essences and what corresponds to essences in the case of relations is ‘‘the reason 
why.’’ 

The two main examples in II.8 (eclipse and thunder) are subject-attribute 
relations. Both are unusual in that they have names and in that the attributes 
belong to only one kind of subject: thunder is a noise that occurs only in clouds, 
eclipse (as Aristotle conceives it here) is a loss of light that happens only to the 
moon. Since they have names, there seems nothing wrong in asking ‘‘what is’’ 
thunder or eclipse. There are two kinds of answers: a preliminary answer by 
which we can identify an occurrence of the relation (thunder is a certain noise in 
clouds, where we specify what that noise is; thunder is not just any noise in 
clouds), and a deeper answer that accounts for the relation (thunder is the noise 
in clouds produced by quenching of fire). The preliminary answer turns out to be 
simply a statement of the relation that ‘‘thunder’’ names. If ‘‘N’’ is the name of 
the relation A—B then the preliminary answer to the question ‘‘What is N?’’ is 
simply *‘the relation A—B.’’' The additional element in the second answer states 
the grounds of thunder’s occurring and can be represented as the middle in a 
demonstration that thunder exists (that the noise in question occurs in clouds). 

Aristotle says that the first answer contains ‘‘something of the thing itself’’ 
(93a22) or ‘‘something of the essence’’ (a29). The extra element in the deeper 
answer is the account of eclipses or thunder (93a30—33, b6—7, b12), and is what 
they are: 
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II.8 93b6-7 | ‘‘This [sc., the correctly chosen middle] is the ac- 
count of the other extreme, A [sc., eclipse],? in the present exam- 
ples. For eclipse is screening by the earth.”’ 


This suggests that ‘‘loss of light from the moon’’ is not part of the essence of 
eclipse, that is, that a statement of the essence of eclipse does not mention that 
eclipse is loss of light from the moon. I shall call the preliminary account (“‘loss 
of light from the moon’’) the ‘‘superficial essence’’ and the distinctive part of the 
second answer (‘‘screening by the earth’’) the ‘‘deep essence.’’ That eclipse oc- 
curs (exists) follows from the fact that the moon suffers that kind of loss of light, 
and we prove that it suffers that loss of light from the fact that screening of the 
earth occurs. The superficial essence follows from the deep essence, and the ex- 
istence follows since the superficial essence holds. 

We can now assess Aristotle’s statement of what II.8 has achieved. The 
deductions and demonstrations referred to are the arguments that show that (and 
why) the superficial essence holds, which is equivalent to proving that the thing 
whose essence we are investigating exists. The deep essence is what 93b15-20 
(reasonably) calls ‘‘essence.”’ 

Aristotle has sketched a method for grasping the deep essence, and the deep 
essence is not the conclusion of a deduction or proof, but comes to be clear 
through deduction and demonstration since we discover it by constructing a proof 
with it as a middle term immediately related to the attribute of the superficial 
essence. The procedure works only when the middle is “‘other,’’ different from 
the attribute of the superficial essence.3 On this reading, the chapter does what 
Aristotle says. 

There are still some problems. In what way are these essences of subject- 
attribute relations? For this is what eclipse and thunder are. How is the deep 
essence an essence? And how is the superficial essence? These are general prob- 
lems for the theory. There are also specific ones for the way Aristotle presents it. 
In the same breath he calls eclipse ‘‘a certain loss of light’’ (93a23) (an attribute) 
and thunder ‘‘a certain noise of clouds’’ (a22—23) (a subject-attribute relation). 
And just after calling eclipse ‘‘screening by the earth’’ (b7) (the middle), he calls 
thunder ‘‘quenching of fire in cloud’’ (b8) (a middle belonging to a subject). In 
the specimen argument for thunder, he calls the major term first “‘thunder’’ and 
then ‘‘noise’’ (bg, bir). Also, in the specimen argument for eclipse it is neces- 
sary to read ‘‘loss of light’’ for ‘‘eclipse’’ as the major term in order to make 
sense of the argument, which suggests that for thunder ‘‘noise’’ should be the 
major term, but it is further evidence that Aristotle is more careless with his 
examples than makes for comfortable reading. 

Before tackling these questions, it will be useful to discuss II.9 and Io, 
which give some much-needed perspective. The brief chapter II.9 asserts that 
there are things that are their own grounds (93b21). APo II.8 deals mainly with 
demonstrable relations, and II.9 asserts that there are also indemonstrable ones. 
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The essences of these latter things are immediate and are principles (b22). We 
may wonder‘ how this fact distinguishes the essences of these things, since all 
essences are immediate. The answer is that not all essences, as Aristotle has re- 
cently been using the word, are immediate. In II.8 it was necessary to distinguish 
the deep from the superficial essence, where the latter proved to be a nonimme- 
diate relation. Aristotle’s point in II.9 is that there are cases where the distinction 
does not apply. The initial grasp of the relation cannot be improved. There is no 
middle to account for it. These relations are immediate, and are the principles on 
which the deep essences of the others are based. If A—C is the superficial essence 
of N and we find that N’s deep essence is ‘‘A is C because of B,’’ we can rearrange 
this into a syllogism: 


A—B—C. 
See ee 


If we then consider A—B and B—C in the same way, either they have a deep 
essence or they do not. If they do not, they are immediate and function as prin- 
ciples for N. If one or both have a deep essence, we go on to treat each of the 
relations used in accounting for them, and continue in this way until we reach 
immediate principles. APo II.9 assures us we will reach them: 


II.9 93b23-24 ‘‘In these cases (since it is impossible to find fur- 
ther grounds to explain that they exist or what they are) we must 
posit these facts or make them clear in some other way.”’ 


The meaning is partly determined by II.1—2, which tells us to investigate whether 
subjects exist, and when we know they do, to investigate what they are, which 
amounts to determining the middle that accounts for their existence. Primitive 
subjects have no middle, and we must just posit (or make clear in some other 
way, but not by proof) that they exist. The claim that we do the same for “‘what 
they are’’ is explained by the distinction between two kinds of essences. If our 
initial conception (corresponding to the superficial essence) cannot be further 
grounded, it cannot be accounted for via demonstration and must be accepted as 
immediate. The distinction between superficial and deep essences breaks down, 
and in a way they can be said to coincide.5 As in II.8, here the doctrine applies 
somewhat differently for subjects and for subject-attribute relations. For the latter 
Aristotle is saying that there are self-explanatory relations. These are immediate 
and principles. For the former, there are subjects whose existence cannot be 
proved; we posit it, since we cannot prove that their definition applies to some- 
thing whose existence is grounded in that of more primitive subjects.° 

APo II.10, which brings together the results of II.8 and II.9, is Aristotle’s 
final word on these issues. The chapter comprises four parts: first (93b29-37) an 
account of a kind of definition not previously discussed at length; second (93b38— 
94aI0) a list apparently of four kinds of definitions, including a summary of the 
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results of II.8; third (94a1 1-13) a list of three kinds of definitions in abbreviated 
form; and finally (a14—19) a summary of the problems dealt with in II.3-10. 
The types of definitions identified in the second section are: 


II.10 93b38—-94a10 ‘‘(2a) One definition of definition is the afore- 
mentioned (at 93b29-—37). (2b) Another definition is the account re- 
vealing why it exists. And so the former (2a) signifies but does not 
show, while the latter (2b) clearly will be a sort of demonstration of 
what it is, differing in order from the proof. . . . Also (2c). . . is 
the conclusion of the demonstration of what it is. (2d) The definition 
of immediates is an indemonstrable positing of what it is.’” 


The third section states: 


II.10 94a11-13 ‘‘Therefore, (3a) one definition is an indemon- 
strable statement of what it is, (3b) one is a deduction of what it is, 
differing in arrangement from a demonstration, and a third (3c) is a 
conclusion of the demonstration of what it is.”’ 


Of these three kinds of definitions, (3a) is identical with (2d), (3b) with (2b), and 
(3c) with (2c). But what of (2a)? We are told that ‘‘it signifies but does not show’’ 
(b39—40) and that it has been discussed (b38). It is discussed in the first part of 
II.10, which calls it ‘‘an account of what the name or other namelike expression 
signifies’’ (93b30-31). “‘Eclipse’’ is a name, and ‘‘other namelike expression”’ 
covers cases where there is no convenient name for a subject? or attribute, or 
subject-attribute relation, so that the thing being investigated can be described by 
anoun phrase, for example, ‘‘the fact that triangles have 2R”’ or ‘‘the possession 
of 2R by triangles.’’ The first part of IT. 10 also says that once we know the defin- 
iendum exists we investigate why it exists (93b32), and adds, with a reference to 
11.8 93a10ff.: 


II.10 93b32-35 “‘it is difficult to grasp in this way things we do 
not know to exist. The reason for the difficulty has been stated pre- 
viously: we do not even know whether they exist or not except inci- 
dentally.” 


It is clear that (2a) is the description we have on setting out to investigate whether 
a thing (subject or subject-attribute relation) exists. After learning that it exists, 
we use (2a) as the superficial essence as we attempt to find a middle (a deep 
essence) to account for the thing’s existence. 

Definition (2a) is not the same as definition (3b), the deep essence (though 
there is no distinction between (2a) and (3b) for immediate relations and primitive 
subjects). Nor can it be the same as (3a), which has to do with the immediate 
essences discussed in II.9. But what about (3c)? “‘Noise in clouds’’ is a definition 
of thunder that is a “‘conclusion of the demonstration of what it is.’ This defini- 
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tion is contrasted with the “‘rearranged demonstration’ kind of definition, ‘‘thun- 
der is noise in clouds produced by the quenching of fire.’’ If ‘‘quenching of fire’’ 
is the middle in the demonstration of the fact that the noise occurs in clouds, 
when it is removed, what remains is like the conclusion of the proof in that it 
contains the extreme terms but not the middle. Definition (3c) proves to be (2a) 
in a new guise. If (2a) is an account that allows us to learn in a nonincidental 
way’ that the thing exists, then in knowing (2a) we know ‘‘something of the thing 
itself.’’ This gives us a basis (the superficial essence) for investigating the thing’s 
explanatory grounds. If we find the grounds, we will be able to construct a (3b) 
type definition. The difference in content between (2a) and (3b) will be the mid- 
dle. But since (3c) also differs from (3b) in omitting the middle, (2a) and (3c) are 
identical. The difference between them lies in the stage of inquiry at which they 
are found: (2a) before we know that the definiendum exists and (3c) after. Defi- 
nition (2a) becomes (3c) when the account expressing ‘‘what it signifies’’ is pro- 
moted to the status of ‘‘what it is’’ by the discovery that the definiendum exists. 
Thus, strictly speaking, the basis for investigating whether it exists is (2a), and 
(3c) is the basis for investigating why it exists (i.e., what it is). Definition (2a) is 
known before (3b) is known, but is not known as the conclusion of the demon- 
stration until after (3b) is known. This leaves us with three forms of definitions: 
(2a = 2c = 3c) “‘thunder is a certain noise in clouds,’’ (2b = 3b) ‘‘thunder is the 
noise due to the quenching of fire in clouds,’’ and (2d = 3a) the immediate def- 
initions. The first kind mentions subject and attribute; the second mentions sub- 
ject, attribute, and middle. No definition mentions only the middle or only the 
attribute. 

This relatively clear picture of the kinds of definitions and their forms en- 
ables us now to solve the remaining difficulties in II.8 (see above, p. 200). To 
begin with, Il.10 indicates how to regiment the variations in the definitions of 
eclipse and of thunder. According to II.10, the superficial essence of eclipse is 
“a certain loss of light from the moon’’ (not ‘‘a certain loss of light,’’ 93a23), 
and the superficial essence of thunder is ‘‘a certain noise in clouds’’ (as at 93a22- 
23). The (3b) type definition of eclipse is ‘‘a certain loss of light from the moon 
due to screening of the earth’’ (as at II.2 90a15). The subject is ‘‘moon,’’ the 
attribute is ‘‘a certain loss of light’’ (not ‘‘eclipse,’’ as at 93a30, a37), and the 
middle is ‘‘screening of the earth.’’ The (3b) type definition of thunder is ‘‘a 
certain noise in clouds due to quenching of fire.’’ The subject is ‘‘clouds,’’ the 
attribute is ‘‘noise’’ (as at 93b11I; not ‘‘thunder’’ as at bg) and the middle is 
“‘quenching of fire.’’ There is no proper definition of eclipse that states simply 
that it is screening of the earth (as at b7) and no proper definition of thunder that 
states simply that it is quenching of fire in clouds (as at b8). 

If we take the examples of II.8 so as to conform to the views on definition 
given in II.10, they make excellent sense in their context. Substituting ‘‘a certain 
loss of light from the moon’’ for ‘‘a certain loss of light’’ at 93a23 makes for no 
difficulties. In fact, the specimen argument (a3o0ff.) makes better sense if A stands 
for ‘‘a certain loss of light’’ instead of ‘‘eclipse.’’ The same is true for the spec- 
imen argument regarding thunder. At bg, A should stand for ‘‘noise.’’ 
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The only things yet to reconcile with II.10 are the explicit statements that 
eclipse is screening of the earth and that thunder is quenching of fire in clouds, 
where the definiendum is identified with the middle term alone. I suggest that 
Aristotle is speaking a little carelessly, and he means to say that the accounts of 
eclipse and thunder are ‘‘screening of the earth’’ and ‘‘quenching of fire in 
clouds,’’ where ‘‘account’’ means not definition, but grounds. Defense of this 
interpretation begins in the discussion of the sample argument dealing with 
eclipse: 


11.8 93a31-33 ‘‘Now to investigate whether it suffers eclipse or 
not is to investigate B—does it exist* or not. And this is no different 
from investigating whether an account of it exists,> and if this exists 
[holds] we say that that [sc., eclipse] exists [occurs] too.’ 


NOTES ON TRANSLATION 

a. ‘‘Exist’’: that is, occur. Asking if eclipses occur is tantamount to asking 
whether B occurs (whether the earth screens the sun’s light). 

b. ‘‘Exists’’: that is, occurs, holds. If asking if an account of eclipse exists 
is no different from asking if B occurs or holds, and if B is the account, then 
‘*exists’’ means ‘‘occurs’’ or ‘‘holds.’’ 


Investigating whether an account of eclipse holds is no different from investigat- 
ing whether B occurs, where B is the middle in the proof that eclipse occurs, that 
is, the grounds of eclipse.* Thus ‘‘account’’ too should mean this, rather than 
“‘definition.’’'° And the next sentence in the text is given a natural interpretation: 


I1.8 93a33-35 ‘‘Or, of which member of the pair of contradictory 
propositions is the account—of having 2R or of not having 2R?”’ 


This means that some accounts explain why an attribute belongs to a subject and 
others explain why an attribute does not belong to a subject." 

APo 11.8 93b3ff. returns to the topic of how we come to know what it is 
once we know that it is. If we know that A belongs to C, 


I1.8 93b4-7 ‘‘still, why it belongs is a matter of investigating 
what B is. . . . This is the account of the other extreme—A in the 
present examples.”’ 


As before, B is the account, the middle or grounds, of A. Only at this point do 
problems arise: 


11.8 93b7-8 ‘‘.. . for eclipse is screening of the earth. What is 
thunder? Quenching of fire in cloud.’’ 


We do not want a definition of eclipse here, only an answer to the question why 
does eclipse occur (b4), which we have been told will be the account of term A, 
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the label that Aristotle has given to eclipse. What is expected and wanted is a 
statement of the account of eclipse, which is B, the middle term. And we know 
from 93a31—33 that the account is ‘‘screening of the earth,”’ and this is precisely 
what eclipse is here said to be! Aristotle has said what he should have said: what 
the account of eclipse is. It is better to understand him as doing this than as giving 
a new definition of eclipse that proves to be a definition of a kind otherwise un- 
known and not found in the thorough summary of II.10. Eclipse is not screening 
by the earth, but the loss of light from the moon due to screening of the earth. 
Screening of the earth is the account (not the definition) of eclipse. And the same 
is true for thunder. The account of thunder is ‘‘quenching of fire’’ (B) (b12), and 
this is what thunder is said to be at b8.'? But what comes immediately after shows 
this apparent definition of thunder to be the account: 


II.8 93b8-9 ‘‘Why does it thunder? On account of the fact that 
fire is quenched in the cloud.”’ 


Aristotle’s interest here is to identify why it thunders, not what thunder is, al- 
though the account of thunder becomes part of the (3b) type definition of thunder: 
noise due to the quenching of fire in clouds. 

The examination of 93a31—35 and b3~—12 has revealed no good reason to 
recognize a kind of definition that consists of the account or explanatory grounds 
of the attribute. APo II.8 can be read in a way consistent with and supportive of 
II.10, and doing so makes not only the examples but also the theory considerably 
more clear. It amounts to the following. 

In investigating the nature of x, we begin by knowing what the name ‘‘x’’ 
signifies (a (2a) type of definition). If this contains ‘‘something of the thing it- 
self’’ (93422), we can determine whether x’s exist (occur). In the examples of 
eclipse and thunder, subject-attribute relations, the initial accounts identify the 
relations. Once we know that x exists, we investigate what x is, which is the same 
as investigating why x exists. The reason why (/dgos) is the middle term of a 
demonstration of the fact that x exists. We proceed by locating candidates (pos- 
sible explanations of x’s existence) and then determining which is the actual ex- 
planation. If there is no further explanation for why the candidate we choose 
holds, our investigation is complete. If there is a further explanation, we must 
find it in the same way. If the original list of candidates contains all possible 
explanations, the explanation why the chosen one holds will be one of the re- 
maining candidates. The demonstration can be rearranged so as to form a (3b)- 
type definition of x, and the middle term of the demonstration can be removed 
from this definition, leaving the (3c)-type definition. 

At this point we may answer the questions raised above: in what sense are 
the superficial essence and the deep essence essences? And in what sense do 
subject-attribute relations have essences at all? The answer to the first two ques- 
tions is the same: since a definition is a statement of essence (II. 10 93b29) and is 
of the essence (II.3 90b3—4, b16),'3 and these two ‘‘essences’’ are stated in def- 
initions, it follows that they are essences. The superficial essence is stated in a 

(3c)-type definition, the deep essence in a (3b)-type definition. In proving that a 
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thing whose essence is in question exists, we proceed by proving that its super- 
ficial essence holds. Thus the superficial essence is the conclusion of the dem- 
onstration (recast into appropriate form: ‘‘eclipse is loss of light from the moon’’ 
rather than ‘‘the moon suffers loss of light’’), and the deep essence is the recast 
definition (including the explanatory middle or account). This account makes 
good sense of Aristotle’s calling the superficial essence ‘‘something of the es- 
sence,’’ a variant on ‘‘something of the thing itself.’’ It is part of the deep es- 
sence, requiring the explanatory middle to complete it. 

But how convincing are these answers? They work best for demonstrable 
subject-attribute relations such as the two cases discussed at length, in which the 
thing whose essence is being investigated is a demonstrable subject-attribute re- 
lation with a name.'4 The superficial essence of such a thing is simply a rewording 
of the assertion that the relation obtains. From ‘‘a certain loss of light belongs to 
the moon’’ we get “‘eclipse is a certain loss of light from the moon.”’ To be sure, 
this is a kind of definition of eclipse, but it cannot do the work required of defi- 
nitions as principles of sciences, since it is itself the result of a demonstration. 
The deep essence fares not much better. Of course it is not provable, being a 
recast form of a proof. But equally it cannot serve as a principle (although the 
immediate relations it encapsulates will be principles). 

The two kinds of essences introduced in II.8 deserve to be called essences 
only by courtesy, if at all. But sometimes courtesy should be extended. In fact, 
it turns out that extending the notion of essence in these ways brings some advan- 
tages, and is a reasonably natural extension to make. 

After II.1 distinguishes two pairs of scientific questions, II.2 begins to as- 
similate them. After being told (II.1) that questions of the fact and of the reason 
why belong together and are separate from questions of whether it exists and what 
it is, we learn (II.2) that the first member of each of these pairs asks if there exists 
a middle and the second asks what the middle is. Questions of the fact are brought 
into even closer relation with questions whether it exists when they are both said 
to ask if it is—only the former ask that question ‘‘in part’’ and the latter ask it 
“‘without qualification’’ (89b39, 90a2—5, a9—13). As early as 90aI5 we have the 
question ‘‘what is eclipse’’ (a ‘‘what is it’’ question) although we have been told 
to expect ‘‘why does eclipse occur’’ (a question of the reason why). This is al- 
lowed, however, because ‘‘in all these cases it is obvious that the ‘what is it’ and 
why does it exist (occur) are the same’’ (aI4—15). The questions ‘‘what is 
eclipse’ and ‘‘why does eclipse occur’’ are placed side by side in order to show 
that the answers are the same (‘‘loss of light from the moon due to screening of 
the earth’’ and ‘‘because the light fails since the earth screens’’). Though not 
identical, they contain the same information. And so, even though II.1 says that 
“‘what is it’’ is asked only of subjects, II.2 shows that it can also be asked of 
subject-attribute relations. We should not be surprised when II.8 also asks both 
“if it exists’’ and ‘‘what is it’’ of eclipse and thunder. 

And what is wrong with asking these questions? Eclipse and thunder are 
phenomena studied by sciences. They can be precisely defined and can be ex- 
plained through the principles of those sciences. The two kinds of definitions 
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given can reasonably be considered definitions of such things. Even if we do not 
find many such cases in geometry, they may play an important role elsewhere, 
and the role they play is neatly sketched here. They should be treated not like 
subjects or attributes, but in the way appropriate to them. The first thing to do is 
identify the subject and attribute concerned. Next is to explain the relation be- 
tween the subject and the attribute, which we do by proving the relation by a 
familiar subject-attribute proof. The new feature, then, is the first step, which 
need not be trivial. 

Finally, does the prescribed manner of treatment apply more widely? An 
analogous way to treat subjects or attributes would be to start with a preliminary 
account (superficial essence), use it to discover that the subject or attribute exists, 
and then go ahead to discover the deep essence, the immediate facts that can 
explain the preliminary account. For example, we might start out knowing that 
gold is a soft, malleable, ductile, yellow metal with specific gravity 19.32, melt- 
ing point 1063°C, and boiling point 2966°C, and after locating the material with 
these attributes go on to discover that its atomic number is 79 and its atomic 
weight 197, and that the other attributes follow from these two facts. In that case 
the outline of a proof would be as shown in the diagram below. 


soft 


A.N. 79 } 


gold = AW 297 yellow 


rill 
wig 


(immediate) (nonimmediate, but justified by 
a nexus of immediate relations) 


etc. 


A brief inspection reveals that this case is not very similar. In cases like eclipse 
the original account (superficial essence) is part of the full essence. But the pres- 
ent account offers no justification for calling the description of gold as a soft 
yellow metal an essence of any kind. This situation corresponds to cases where 
we begin by knowing an identifying sign of eclipse (such as the inability to pro- 
duce a shadow at the time of the full moon when nothing is between us and the 
moon, II.8 93a37—b3) that does not prove to be part of the essence, and it is 
regrettable that Aristotle says no more about such cases. 

However, he suggests a different approach to the essence of subjects: if we 
grasp that man is a certain animal and soul is a thing that moves itself (93a23— 
24), we grasp ‘‘something of the thing itself,’’ something of its essence (a22, 
a29). He supposes that these cases are similar to that of grasping that thunder is 
a certain noise in clouds. In fact, since animal is the genus of man, in grasping 
that man is a certain kind of animal, we are grasping part of its essence. ‘‘Ani- 
mal’’ occurs in a complete definition of man just as ‘‘noise in clouds’’ occurs in 
a complete definition of thunder. The cases are different in that ‘“‘noise’’ occurs 
in the discussion not as the genus of thunder but as an attribute of clouds, and 
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also in that the ‘‘middle’’ of the final definition provides the explanatory grounds 
of the noise in clouds, whereas ‘‘rational’’ or “‘two-legged’’ is not the grounds 
of man’s being an animal, but rather the type of animal man is. Even so there is 
an analogy. For although ‘‘rational’’ does not explain animal, it entails it: any- 
thing that is rational, or two-legged,"5 is an animal.'® And if we begin our inves- 
tigation knowing that a human is a certain sort of animal and so can recognize 
humans and know that they exist, we can go on to investigate what a human is, 
which amounts to ascertaining what kind of animal a human is. This is the same 
as discovering the immediate, unprovable facts about humans that constitute the 
scientific essence. The parallel with the cases of eclipse and thunder is not exact 
(which may be the reason why the examples of human and soul are dropped), but 
at least the method II.8 prescribes for locating essences can in some way apply 
to the things that APo primarily conceives of as having essences. 


Scientific Explanation 


CHAPTER XVII 


TWO REQUIREMENTS Of having scientific knowledge of something are that (1) we 
know its aitia and (2) we know that its aitia is its aitia (1.2 71b9—12).' aitia is 
rendered ‘‘cause’’ by Mure, Ross, Tricot, Tredennick, and Heath, and ‘‘expla- 
nation’’ by Barnes, but neither of these words captures the sense of aitia? required 
by the theory of demonstration. I prefer to translate it as ‘‘grounds’’ or ‘‘explan- 
atory grounds,’’ which come closer to the mark.? 

The importance of knowing the grounds is often emphasized, as in the fol- 
lowing passages, which all contain the key word dihoti, ‘‘the reason why’’: ‘‘the 
most important thing in knowledge is considering the reason why”’ (I.14 79a23— 
24); *‘to have scientific knowledge of the reason why is to have scientific knowl- 
edge through the grounds’”’ (1.6 75435); ‘‘scientific knowledge of the reason why 
is in virtue of the primary grounds’”’ (1.13 78a25—26). 


Middle Terms and Immediate Premises 


Since demonstration is the vehicle for attaining scientific knowledge of demon- 
strable facts (I.31 88a9—11) and since demonstrations are deductions (I.2 71b17— 
18), Aristotle says that a scientific demonstration is a deduction that displays the 
explanatory grounds or the ‘“‘why’’ (I.24 85b23-24). If A—B—C is a proof of 
A—C via middle term B, we can regard it as explaining why C belongs to A: 
because B belongs to A and C belongs to B. What are the explanatory grounds of 
A—C? The unprovable facts A—B and B—C. If we know this proof of A—C (as 
a proof of A—C), then (1) we know A—B and B—C and (2) we know that A—B 
and B—C are indemonstrable principles and premises of the proof of A—C. 
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Thus, in knowing the demonstration of A—C, (1) we know the aitia of A—C and 
(2) we know that the aitia is the aitia. 

But granted that A—B and B—C are principles of the science and that they 
entail A—C, why should we think that they are the cause, explanation, or grounds 
of A—C? Aristotle does not face this question directly, so far as I know, but 
repeatedly insists that it is so. In I.2, he states, ‘‘We say that we know through 
demonstration’’ (71b17); this unproved assertion launches the discussion of the 
nature of scientific principles, one of the requirements of which is that they are 
grounds of the conclusion. In 1.6, he insists that ‘‘a person who lacks an account 
of why, when there is demonstration, does not have scientific knowledge’’ 
(74b27—28): if you do not have an ‘‘account of why’’ (/6gos toa did ti), you do 
not have the demonstration that provides scientific knowledge. And in I.24, ‘‘a 
scientific demonstration is a deduction that displays the explanatory grounds of 
the ‘why’ ”’ (85b23-24). 

The present chapter will investigate the way unprovable principles of a sci- 
ence are the cause or grounds of demonstrable conclusions and in what sense a 
demonstration is an explanation. There are good reasons for thinking of princi- 
ples and proofs in these ways, although the notions of cause or grounds and ex- 
planation turn out to be somewhat different from more familiar notions of these 
concepts. They need to be tailored to fit the needs of demonstration, but they can 
be made to fit very well. 

The picture so far is simple: scientific knowledge of a fact is knowledge by 
a proof that shows how that fact follows from the principles, which are the 
grounds of the fact. But other passages express this point differently. The same 
chapter that says that knowing the reason why is knowing through the grounds 
also says that proof must be through a necessary middle, or else it does not yield 
scientific knowledge either of the reason why or of the necessity of the conclusion 
(1.6 75a13-14). Where we expect to find ‘‘grounds’’ we find ‘‘middle.’’ This 
identification of the middle of a proof and the grounds of the conclusion is re- 
peated elsewhere (II.2 90a6—7: ‘‘for the grounds is the middle’’; also ag—11, II.8 
93a7-8, b4—5, 1.13 78a28-30). And I.6 makes it clear that the middle is the 
middle term in a demonstration.4 

Now it is a different way of looking at a demonstration 


A—B—C 

Maer 
to identify the grounds of A—C as B rather than as A—B and B—C. This view 
brings us closer to a familiar use of the word ‘‘cause,’’ and perhaps farther from 
what we would ordinarily call an explanation. But it is also clear that the two 
ways may amount to the same thing. If to say that B is the grounds of A’s belong- 
ing to C is no different from saying that A belongs to C because of B, and if by 
this we mean that A belongs to C because A belongs (immediately) to B and B 
(immediately) to C, then calling B the grounds amounts to calling A—B and B— 
C the grounds. Indeed, to call B the necessary middle is to imply that it is nec- 
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essarily related to other terms, and to conceive of B as a middle implies the other 
terms for which it is a middle. 
In fact this is all Aristotle means. He considers three cases: 


1.6 75aI-11 ‘‘(a) Now when the conclusion is of necessity noth- 
ing prevents the middle through which it was shown from not being 
necessary (for it is possible to deduce what is necessary from nonnec- 
essary things, just as it is also [possible to deduce] what is true 

from not true things); 

(b) but when the middle is of necessity, the conclusion is of neces- 
sity too, just as from true things [the conclusion is] always true (for 
let A belong to B of necessity and this to C [sc., of necessity]: now 
it is necessary also for A to belong to C [sc., of necessity]); 

(c) and when the conclusion is not necessary, neither can the middle 
be necessary (for let A belong to C not of necessity, but [let A be- 
long] to B and this to C of necessity; therefore also A will belong to 
C of necessity. But it was laid down that [A did] not [belong to C of 
necessity]).”’ 


In case (a) he begins by speaking of the middle as being nonnecessary, and then 
in the parentheses shows that he is thinking of premises (the ‘‘nonnecessary 
things,”’ like the ‘‘non-true things’’ can only be premises). In (b) and (c), for the 
middle to be of necessity is for it to belong of necessity to the minor term in the 
syllogism and for the major term to belong of necessity to it. I conclude that when 
Aristotle says that the middle is the grounds, he is emphasizing the importance 
of the middle term in the premises of the demonstration that are the grounds, and 
this is the familiar view that the grounds are the principles of the proof. The 
middle term in a demonstration can always be cashed into immediate premises. 

The analysis of sharpness (anchinoia) in 1.34 confirms this interpretation: 
‘Sharpness is a kind of good guess at the middle in an imperceptible time’’ (1.34 
89b10-11), and ‘‘on seeing the extremes, he recognized all the grounds, which 
are the middles’’ (b14—15). In the examples given, the sharp person spots the 
middle term, but the justification for the middle term’s being the grounds is its 
relations to the extremes. 


1.34 89b11-20 ‘‘A person on seeing that the moon always has its 
bright side facing the sun quickly conceived why this is so—be- 
cause it is illuminated by the sun. . . . Let A stand for the bright 
side facing the sun, B for being illuminated by the sun, C for the 
moon. Now B (being illuminated by the sun) belongs to C (the 
moon); and A (the bright side facing the source of illumination) [be- 
longs] to B; and so A belongs to C through B.”’ 


B is the grounds of A—C if and only if B is the middle term in the demonstration 
of A—C, and this can happen if and only if A—B and B—C are immediate prin- 
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ciples. Moreover, if we claim that B is the grounds of A—C we must be prepared 
to back it up by showing how A—C is due to A—B and BC. 

The equation of middle term with principles is plausible when there is only 
one middle term and two premises in a proof, as in the proof 


A—B—C, 
Sw 


Where there is more than one middle term the tendency to identify the grounds 
with the middle term leads Aristotle to say that there are more grounds than one 
and to ask which middle term is the ground (II.18).5 In general, this question 
does not make sense. If the proof is 


A—B—C—D, 
ee 


the conclusion is based equally on principles A—B, B—C, and C—D. Both mid- 
dle terms B and C are needed and neither has a claim to preference. But if B—D 
is a subject-attribute proof and A is a species of B or a particular B, we have an 
application proof, and Aristotle holds that in such a case, the reason why A—D 
is that A—B (and B—D).° In any case, although Aristotle switches back and forth 
between viewing grounds as principles and viewing them as middle terms, the 
two perspectives involve no fundamental difference in his view of the nature of 
demonstrations or scientific explanation. 


Grounds of Truth or Grounds of Knowledge? 


How are scientific principles grounds? Are they the grounds of our knowledge of 
the conclusions, so that our knowledge of the conclusions depends on our knowl- 
edge of the principles? On this view they are the ratio cognoscendi or Erkennt- 
nisgriinde. Or are they the grounds of the conclusions themselves, so that the 
truth of the conclusions depends on that of the principles? On this view they are 
the ratio essendi or Realgriinde. | believe that Aristotle requires them to be both.7 

It is clear that he considers them to be grounds of the facts stated in the 
conclusions of proofs. When he says that having scientific knowledge of x in- 
volves knowing the grounds of x, and knowing that the grounds of x are the 
grounds of x (I.2 71b10—12), he is not saying that we must know our reasons for 
claiming to know x, but that we must know why x actually holds. And when just 
below he says that the principles are grounds of the conclusion (b22) and justifies 
this claim (b30—31) by referring back to the condition of knowing the grounds, 
his point is that the truth of the conclusion is due to the truth of the principles, 
which are its grounds. Further evidence for this view is found where he says that 
the middle is the grounds of the conclusion,* not that it is the grounds of our 
knowledge of the conclusion. 

It might be objected that principles and proofs are not grounds for our 
knowledge of conclusions. APo II.1 makes it clear that we can know that some- 
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thing is true (knowledge of the fact) before discovering its explanation (knowl- 
edge of the reason why), the middle of the demonstration that proves it. But if 
we can know provable facts without knowing their proofs, our knowledge of 
them is not grounded in the principles and demonstrations. This objection can be 
met simply by pointing out that at the stage of factual knowledge discussed at 
Il. 1-2, we do not yet have scientific knowledge. We are at the stage of discovery 
and organization, not of a finished demonstrative science.? There are nondemon- 
strative grounds for knowing’? facts. Otherwise the view would be open to severe 
criticism. And yet scientific knowledge of a fact, which we get by having a proof 
of the fact (1.2 71b17—19), is grounded in knowledge of the principles on which 
the fact is grounded. Scientific knowledge is knowledge of the reason why, and 
“‘to have scientific knowledge of the reason why is to have scientific knowledge 
through the grounds’”’ (I.6 75a35): to know the reason why x holds (to have sci- 
entific knowledge of x) is to know x through the grounds of x, through the prin- 
ciples on which x is based. 


Knowledge of the Fact and Knowledge of the Reason Why 


APo II.1’s distinction between knowledge of the fact (KF) and knowledge of the 
reason why (KRW) is basic to Aristotle’s theory. KF corresponds roughly to what 
we regard as knowledge (including scientific knowledge), and KRW—Aristotle’s 
scientific knowledge—corresponds to nothing in our ordinary modern vocabulary 
or range of concepts. The same is doubtless true for ancient Greek. APo develops 
a special conception of epistéme and epistasthai, which, though based on ordi- 
nary usages of those terms, goes beyond them. It sharpens and deepens those 
usages—a legitimate and frequently undertaken kind of philosophical task, which 
may (but need not) in turn shape ordinary usage. Possibly APo may be regarded 
as a “‘persuasive’’ definition of epistémé. If APo clarifies a confusing concept, 
that is a reason to adopt the use it recommends even if doing so means altering 
how we apply the term. 


Two Kinds of Unsatisfactory Demonstrations 


APo 1.13, which discusses ways we can fail to have KRW, proves to be the 
lengthiest treatment of the explanatory nature of scientific demonstrations and so 
needs to be considered in detail. The chapter begins (78a22—28) by characterizing 
two cases where KF and KRW differ in a single science. Next is a lengthy study 
of specific examples interspersed with general statements (a28-30, b3-4, b11— 
13, b13-15, b17-18, b20—-22, b23—-24, b28—30). I am inclined to follow Barnes’s 
attempt (p. 151) to fit all the later material under the two ways described at the 
beginning of the chapter," so that 78b13-31 treats case 1 and 78a28—bI1 treats 
case 2.'? The two cases are described as follows: 
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1.13 78a22-28 .. . ‘‘(1) if the deduction does not take place 
through immediates (since the primary grounds are not grasped, but 
scientific knowledge of the reason why is in virtue of the primary 
grounds), and (2) if it is through immediates, but is not through the 
grounds, but the better known of reciprocating terms.”’ 


CASE I: NONRECIPROCATION 


Case 1 is illustrated and discussed at 78b13—31. The argument that does not give 
KRW amounts to this: 


R1. Everything that breathes is an animal. 
No wall is an animal. 
Therefore, no wall breathes. 


That is, walls do not breathe because they are not animals. But 


1.13 78b16—23 ‘‘if this were the grounds of not breathing, it 
would be necessary for being an animal to be the grounds of breath- 
ing. Just as if the denial is the grounds of not belonging, the asser- 
tion is the grounds of belonging . . . so if the assertion is the 
grounds of not belonging, the denial is the grounds of belonging. 
But for things exhibited in this way, the stated condition does not 
obtain. For not every animal breathes.”’ 


Granting the truth of the premises, RI gives a sufficient reason to think that no 
wall breathes. But it is not the most powerful argument since it does not account 
for why nonbreathing animals (and Aristotle thought that there are some) do not 
breathe. On the other hand, an argument applying to nonbreathing animals will 
also apply to walls. For example, if animals with lungs are the only ones that 
breathe, we can argue as follows: 


R2. Everything that breathes has lungs. 
No wall has lungs. 
Therefore, no wall breathes. 


R2 covers nonanimals and nonbreathing animals as well, so lacking lungs is a 
better candidate for the grounds of walls’ not breathing, by the criterion above. 
If the assertion (‘‘x has lungs’’) is the grounds of belonging (‘‘x breathes’’), the 
denial is the grounds of nonbelonging.'3 Cause and effect reciprocate.'4 
Mention of ‘‘the primary grounds’’ (78a25) reminds us of the term for the 
widest possible subject, ‘‘primary universal.’’'5 The thought is the same; only the 
viewpoint is different. Regarding the primary universal, we begin with the attri- 
bute and ask what is the widest subject to which it belongs. In the present case, 
we begin with a subject and attribute whose relation is to be demonstrated, and 
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ask what is the widest'® middle term that can be used in proving it. Another 
example would be: Why do isosceles triangles have exterior angles equal to four 
right angles? The primary grounds is ‘“‘rectilinear figure,’’ not ‘‘isosceles trian- 
gle’’ or ‘‘triangle.’’ We are in the situation of an application argument, looking 
for the primary subject or attribute by virtue of which the attribute (4R or breath- 
ing) belongs to other subjects. '7 

We also see why RI does not take place ‘‘through immediates’’ (a24). If 
being an animal is not the primary cause of breathing, something else is. Again, 
suppose that this is having lungs. But then the major premise of RI can be proved: 


Animal belongs to all things with lungs. 
Having lungs belongs to all breathing things. 
Therefore, animal belongs to all breathing things. 


At least one premise of RI is not immediate. 

Is there any significance to the fact that R1 is in the second syllogistic fig- 
ure? Since the alleged grounds (‘‘animal’’) extends more widely than the attribute 
(‘‘breathing’’), the only way this can be rendered syllogistically is for it to be 
predicated of the attribute—which requires a second-figure syllogism (since Ar- 
istotle did not recognize the fourth figure). But then, can second-figure syllo- 
gisms never give scientific knowledge? 

This appears to be the meaning of the opening words in the discussion of 
case I: 


1.13 78b13-15 ‘‘Also in cases where the middle is placed outside. 
For also in these the demonstration is of the fact and not of the rea- 
son why, for the grounds are not mentioned.”’ 


The first sentence might appear to refer specifically to cases where the middle 
extends more widely than the major, as in the premise ‘‘everything that breathes 
is an animal,’’ so that Aristotle is objecting to this special situation, which re- 
quires a second-figure syllogism for its expression, rather than to second-figure 
syllogisms in general. But it is too hard to accept this interpretation in view of 
APr 1.5 26639, where the same expression (‘‘the middle is placed outside’’) de- 
scribes the position of the middle in second-figure syllogisms. 

Against this evidence are three considerations. (1) I.14 argues that the first 
figure is the most scientific but offers no reason to think that the second-figure is 
unscientific. (2) The fact that second figure syllogisms always have denials as 
their conclusions is no argument against its being the correct form for some 
proofs, since some principles deny one thing of another (1.15). By contrast, by 
pointing out that third-figure syllogisms always have particular conclusions, he 
shows that they cannot be the vehicle of proofs.'® (3) R2 is a good candidate for 
a proof, and (despite 78b13—15) does mention the grounds. 

I therefore prefer to discount 78b13—15, and I suggest that the second sen- 
tence means only that some second-figure syllogisms produce KF and not KRW. 
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In these cases, as the example shows, the grounds of the conclusion is not men- 
tioned, because the middle term that is mentioned is too wide. 


CASE 2: RECIPROCATION IS NOT ENOUGH 


Case 1 shows that the primary grounds of demonstrable facts are immediate and 
that the major and middle terms in proofs should reciprocate.'9 Case 2 establishes 
that even a middle satisfying these conditions may fail to be the grounds of the 
conclusion. 

Aristotle’s principal example here is the following pair of syllogisms: 


S1. Things that do not twinkle are near. 
The planets do not twinkle. 
Therefore, the planets are near. 


$2. Things that are near do not twinkle. 
The planets are near. 
Therefore, the planets do not twinkle. 


SI purports to prove that the planets are near through the middle ‘‘nontwin- 
kling’’: the planets are near because they do not twinkle. S2 purports to prove 
that the planets do not twinkle through the middle ‘‘near’’: the planets do not 
twinkle because they are near. He supposes that all the premises (and both con- 
clusions) are true, and that the terms “‘nontwinkling’’ and ‘‘near’’ reciprocate. 
He claims that S1 does not give KRW, but only KF,?° because ‘“‘it is not on 
account of not twinkling that they are near, but on account of being near that they 
do not twinkle’’ (78a37—38). This assertion is made without justification; Aris- 
totle presumably considered it obviously true.?! For the same reason, S2 gives 
KRW. 

Why does Aristotle think that S2 is a successful proof and S1 not? First, 
“‘either can be shown through the other’’ (a39): either of the terms ‘‘nontwin- 
kling’’ and ‘‘near’’ can be used as a middle term in a syllogistic argument with 
the conclusion that a subject (here, the planets) has the other term as an attribute. 
Second, he says that the two terms reciprocate. Third, he seems to say that both 
syllogisms have immediate premises. Di’ améson in a26 can hardly mean any- 
thing else than that both premises in S1 are immediate. It would solve a problem? 
if it meant only that the major and middle terms are immediately related,?3 but 
this is not a plausible way to take the Greek.*4 S2, which produces KRW, is 
meant to have immediate premises. 

It is obvious that the major premises of SI and S2 are not immediate: the 
relation between nearness and nontwinkling can be explained. Twinkling de- 
pends on the apparent magnitude of the celestial object, atmospheric conditions, 
and perhaps the observer’s eyes. The relation between apparent magnitude and 
nearness can be explained by reference to laws of optics and the absolute mag- 
nitude and brightness of the celestial object.?5 But let us suppose that the relation 
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between nontwinkling and nearness is proved by something Aristotle would rec- 
ognize as a scientific demonstration, and suppose further that the relation is recip- 
rocal. At this point the serious difficulty arises. 

For even granted that the major premises of both arguments are acceptable, 
it is just not possible for both minor premises to be immediate, as Aristotle says 
they are. For if S2 is a demonstration, then it is immediate that the planets are 
near, and nonimmediate that they do not twinkle. Therefore, the minor premise 
of SI is not immediate, and its conclusion is. Alternatively, if both premises of 
S1 are immediate (as a26 seems to say), then its conclusion is not immediate, and 
so the minor premise of S2 is not immediate, and S2 is not a demonstration. This 
state of affairs is generally the case: there cannot be two competing candidates 
for proofs such that all their premises are immediate and yet the minor premise 
of each is identical to the conclusion of the other. 

This is a welcome state of affairs. Without it, case 2 would be a serious 
obstacle to the view that any logically valid combination of immediate premises 
is a demonstration. If both premises in S1 could be immediate, we would need 
further criteria to decide which combinations contain the grounds of their conclu- 
sions. As it is, the view stands that if all premises are immediate, an argument is 
a demonstration. 


Criteria for Grounds 


Does this criticism of the formulation of case 2 mean that we can learn nothing 
from the example of the planets? Not at all. The point turns on whether the middle 
term in the proof is grounds of the conclusion, not on whether the premises are 
immediate. In the context of a fully organized science we will not be faced with 
a pair of arguments like S1 and S2. S1 will simply not appear. But in setting up 
a science we may be faced with rival candidates for proofs like S1 and S2, which 
amount to rival candidates for immediate principles: is it a basic fact about planets 
that they are near or that they do not twinkle? Failing to notice the relation be- 
tween nearness and nontwinkling, we might think that both are immediate truths. 
But if we find that we can construct arguments to show both that the planets are 
near and that they do not twinkle, which is a principle and which a demonstrable 
relation? Equivalently, which of the reciprocating terms ‘‘near’’ and ‘‘nontwin- 
kling’’ is the grounds of the other? 

If we learn by induction or perception (78a33-35) that all that does not 
twinkle is near, the same methods will also teach us that all that is near does not 
twinkle. Logic cannot help here either. It can weed out badly formed propositions 
and badly constructed arguments, but both arguments (we may say) are sound 
and their premises well formed. We need a way to decide which sound argument 
is a demonstration, and this means a way to decide which has immediate prem- 
ises, or rather, which has a minor premise that is immediate. But immediacy is a 
concept that can be applied only in an organized science. At the stage envisaged 
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we may know that not both of the minor premises are immediate, but we do not 
know which (if either) is: we are trying to decide which. 

The solution depends on the notion of explanatory grounds. It is impossible 
for each candidate to be grounds of the other. If induction, perception, and logic 
cannot decide which is immediate, we are to identify which is grounds of the 
other. The planets’ nearness is the grounds of their not twinkling and not vice 
versa (78a37—-38). But why? We need a principle for deciding, not just a clear 
case. (Aristotle seems to consider the present case obvious.) Similarly, in [1.16 
he observes that since broad-leaved and deciduous reciprocate, either can be 
shown through the other as middle term, but ‘‘they cannot be grounds of each 
other’’ (98b16—17),?° yet he assumes that being broad-leaved is the grounds of 
deciduousness (a37—bI).?7 Also in treating lunar eclipse he assumes that eclipse 
and the earth’s being in the middle reciprocate, and asserts ‘‘it is obvious that 
eclipsing is not the grounds of the earth’s being in the middle, but that this [is the 
grounds] of eclipsing’ (b21-22). This time he says why it is obvious. But even 
if the reasons he gives fail to show why it is obvious, that does not prove that it 
is not obvious. He says (a) the grounds of x are prior to x (b17), (b) the grounds 
of eclipsing are that the earth is in the middle, but eclipsing is not the grounds of 
the earth’s being in the middle (b17-19), and (c) ‘‘[the earth’s] being in the mid- 
dle belongs in the account of eclipsing, so it is clear that that comes to be known 
through this and not this through that’’ (b22-24). 


PRIORITY OF THE ACCOUNT 


Statement (c) shows that Aristotle is thinking of the definition of eclipse as ‘‘a 
certain loss of light from the moon due to the earth’s being in the middle.’’?* And 
his description of ‘‘the earth’s being in the middle’ as ‘*belonging in the account 
of eclipse’’ recalls the discussion in II.8, in which screening by the earth is called 
the account of eclipse, which gives KRW (93a30ff.)?9 of the attribute’s belonging 
to the subject. On this reading of II.16, for the earth’s being in the middle to 
belong in the account of eclipse is not just for it to be an element in the definition 
of eclipse, but for it to be the grounds of eclipse.3° But this is where we came in. 
Our question is how to tell which of two reciprocating terms is the grounds of the 
other. If we already know which is ‘‘in the account’ of which, we no longer 
wonder which of the two candidates is the real demonstration.3! 

Another approach to finding a criterion for priority in II.16 98b22-24 
comes from noticing that the description of ‘‘the earth’s being in the middle’’ as 
‘‘belonging in the account of eclipse’ recalls the account of the per se I relation: 
‘TI call] per se all the things that belong [to something] in ‘what it is’ ’’ (1.4 
73a34-35). ‘‘Account’’ (/égos) replaces ‘‘what it is’’ (ti esti). 

On this reading, the earth’s being in the middle is the grounds for eclipse 
because it belongs per se I to eclipse. We must make a few moves before this 
claim is reasonable. First, ‘‘eclipse’’ is a name for a subject-attribute connection: 
a certain loss of light from the moon. This connection is demonstrable via the 
middle term ‘‘the earth’s being in the middle’’: the moon (on certain occasions) 
suffers that loss of light because (on those occasions) the earth is in the middle. 
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The earth’s being in the middle is an element in the full ‘trearranged demonstra- 
tion’’ kind of definition, which reveals the grounds of the occurrence of the re- 
lation in question.33 This is a rather special sort of case, which does not resemble 
other cases of interest. It is implausible that not twinkling is in the definition of 
being near, or the reverse, or that deciduous is in the definition of broad-leaved, 
or the reverse, just as the earth’s being in the middle is not likely to occur in the 
definition of the certain loss of light (the attribute in abstraction from its subject). 
Second, since the kind of relation proved in subject-attribute demonstrations is 
per se 1,34 to say that the grounds must be related per se 1 to what is being proved 
fails to distinguish grounds from demonstrandum. 

Both these problems can be solved. As to the second, the accounts of the 
per se I and per se 2 relations in 1.4 are appropriate to definitional (immediate) 
relations, and it was necessary to extend the range of per se I and per se 2 beyond 
what was apparent from I.4 to make room for nonimmediate per se relations.35 
The present claim that the grounds of x is in the account of x is reasonably taken 
to mean that the grounds stands in an immediate per se relation to a term in the 
demonstrandum. As to the first problem, although the grounds may not be very 
helpful in identifying the attribute, still if it is immediately related to the attribute, 
it is in the attribute’s fat definition. And so, given that it reciprocates with the 
attribute, we can prove that a subject has the attribute by showing that it possesses 
the grounds: if fig trees are per se broad-leaved, then they are deciduous; if plan- 
ets are per se near, then they do not twinkle. The proof consists in showing that 
the subject possesses an attribute that is immediately related to the one being 
proved and that is thus in its fat definition .>° 

Elements in the definition of an attribute C are prior to C in that a proof that 
a subject A has C proceeds by showing that A has an attribute B that is an element 
in C’s fat definition, such that as a consequence A has C. Does this insight into 
the nature of proofs help our current discussion? Faced with rival candidates for 
proofs 


A—B—C and B—A—C, 
i eee ed — 


if we know that B is in the fat definition of A, we will prefer the first, and we will 
prefer the second if we already know that A is an element in the fat definition of 
B. But this is not enough. In the first place, this presupposes that we already know 
the fat definitions of A and B. But if we did, we would not be asking the question 
in the first place: we would know whether A—C or B—C was immediate, and 
the question which argument is a demonstration would not have arisen. And sec- 
ondly, the immediate relation between A and B cuts both ways.37 If A is imme- 
diately related to B, so is B to A, and so each is in the fat definition of the other. 


PRIORITY OF WHAT IS BETTER KNOWN 


The remaining point of attack left by II.16 is the assertion that the grounds of x 
are prior to x (98b17). The passage from I.13 that introduces case 2 is helpful: 
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1.13 78a26-30 ‘‘[The deduction] is through immediates, but is not 
through the grounds, but the better known of reciprocating terms. 
For nothing prevents the better known of reciprocating terms from 
sometimes being what is not the grounds [of the other], so that the 
‘demonstration’* proceeds through this.”’ 


NOTE ON TRANSLATION 

a. ‘‘Demonstration’’ needs to be placed in scare-quotes. In fact, S1 is not 
a demonstration, since it does not proceed through the grounds. It is a putative 
demonstration. 

Recall that principles are ‘‘better known, prior to, and grounds of the con- 
clusion’’ (I.2 71b21—22),3* and that these conditions are interrelated: ‘‘they must 
be prior if they are grounds”’ (I.2 72a31).3 But this is not yet sufficient. We need 
an independent criterion to determine which of two competing claimants is prior 
to the other. More help comes from the association of ‘‘prior’’ and ‘‘better 
known’’ at I.2 71b33—72a5 and the distinction between what is prior and better 
known without qualification and what is so to us. The passage was discussed in 
a preliminary way above in Chapter 2, where I noted that ‘“‘prior in relation to 
us’’ need not be taken as synonymous with ‘‘better known in relation to us,’’ and 
similarly for *‘prior without qualification’’ and ‘‘better known without qualifica- 
tion.’’ The point may just be that they apply to the same things. But even this 
connection is close enough for present purposes. We need criteria to identify what 
is the grounds of something else, and if Aristotle provides identical criteria for 
being prior and being better known, they will satisfy our need. 

Since the grounds of a conclusion are prior and better known ‘‘without 
qualification’’ or ‘‘in nature,’’ not ‘‘in relation to us,’’ in case 2 the alleged 
grounds are better known ‘“‘to us.’’ But this must be treated with care. APo 1.13 
78a26-30 does not say ‘‘better known to us,’’ and for good reason. If it said 
‘‘nothing prevents the better known to us of reciprocating terms from sometimes 
being what is not the grounds of the other’’ there would be no need for the qual- 
ification ‘‘sometimes,’’ since according to I.2, things that are better known to us 
are never better known or prior in nature, and so are never grounds of what is 
less well known to us. The correct interpretation is surely that what we under- 
stand more clearly is sometimes less well known in nature and sometimes better 
known in nature. Experts at a discipline, who have made what is better known in 
nature better known to themselves,¢° will not make these mistakes. For them, the 
prior and better known of reciprocating terms will be the one that is the grounds 
of the other. But for those who are not yet experts, sometimes the thing that is 
prior and better known to them will be prior and better known in nature and 
sometimes not. When it is not, they can be expected to make the wrong choice 
and mistake an argument of the fact for a demonstration of the reason why.*! In 
the light of these passages we must not take the contrast between what is prior 
and better known ‘‘without qualification’ and ‘‘to us’’ as implying that ‘‘we’’ 
cannot rise above the level of seeing things in just the wrong way. Rather, ‘‘to 
us’’ is introduced as a qualification to serve as a polar opposite to ‘‘without qual- 


‘ 
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ification,’’ and it refers perhaps to the level of the raw beginner, at the opposite 
end of the scale from the expert. 

This correction made, 1.2 points to a way to decide which reciprocating 
term is grounds of the other. The question becomes, Which is without qualifica- 
tion prior to and better known than the other? APo 1.2 tells us that these are “‘the 
things that are farther [from perception]’’ and that the things that are farthest 
[from perception] are those that are most universal.’’ If we may infer from the 
latter statement that things that are farther from perception are more universal, 
then we have two criteria for priority, which are asserted to coincide. But do 
they? 

In one relevant way Aristotle believes they do. In his account of concept 
formation (II.19),4? he says that we begin by perceiving individuals of a kind (for 
example, Callias), then the first universal (human) comes to rest in our mind and 
then more and more general universals (animal, etc.) (100a15—b3). This gives a 
good sense to the idea that things that are more universal (more general) are more 
remote from perception.*3 And this approach is relevant to proofs: triangle is 
more universal than isosceles triangle, and triangle is the grounds for isosceles 
triangle—2R: isosceles triangles have 2R because they are triangles.+* But this 
application is not enough to solve our present problem, since it does not touch 
cases where the two terms in question reciprocate, for neither term is more gen- 
eral than the other. 

If universality fails as a criterion, can anything be made of remoteness from 
perception? We might suppose it is to be applied as follows. It is obvious that the 
planets do not twinkle: we can see it. But not so that they are near. It is also 
obvious that the moon suffers eclipse, but not that the earth is in the middle, and 
that the moon waxes in a certain way, but not that it is spherical.45 Perhaps, then, 
being remoter from perception means being less capable of being observed, and 
the criterion amounts to the thesis that facts that are more capable of being ob- 
served are accounted for by facts that are less capable of being observed. This 
would be a powerful and interesting theory. We would need criteria for being 
more capable of being observed, but it might be easier to find them than criteria 
for so abstract a characteristic as being prior in nature. There is even a kind of 
plausibility about such an interpretation, if it is taken as a claim that observed 
facts can be accounted for by general laws. (The particular/universal contrast is 
relevant here too, since what is observed is a particular instance or occurrence.) 
We seem to be on the verge of the covering-law model of scientific explanation 
and the observational/theoretical distinction.4° 

Nevertheless, this interpretation cannot tell the whole story, and from Ar- 
istotle’s point of view it does not even tell an important part. For the view of APo 
is that the conclusions of scientific demonstrations are universal, and they hold 
‘talways and everywhere.’’ They apply only incidentally to particulars, at a cer- 
tain time and place.47 Particular cases are explained by reference to universal per 
se facts, and one of the functions of application arguments is to provide such 
explanations. This is an important part of science, but APo is little concerned 
with trivial applications of universal scientific facts to particular cases. Its main 
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interest is in explicating the relations of those universal facts, which occurs on 
the level of universals, and even there application arguments play a subordinate 
role in the structure of sciences.4* More importantly, it is doubtful that Aristotle 
would insist that the ‘‘remoteness from perception’’ criterion fits all the cases of 
grounds discussed in APo. Is being broad-leaved less easily observed than being 
deciduous?49 In geometry, it is presumably more easily observed that a figure is 
a triangle than that it has 2R, and certainly more easily observed that a figure is a 
circle than that it cannot be squared. Further, Aristotle would surely hold that a 
piece of iron glows red because it is hot and not that it is hot because it is red, yet 
being red and being hot are equally easily observed. 

Neither of the criteria Aristotle offers succeeds in determining what is prior 
and better known in nature, so as to determine which of two reciprocating terms 
is the grounds of the other. To judge by recent attempts to do the same,>° it is no 
easy job. No wonder, therefore, that Aristotle fails to complete it successfully. 
(We may credit him with an interesting first attempt.) But even if he fails to 
provide clear criteria, we need not abandon the concepts for which the criteria 
were intended. There remain the theses that reciprocating terms that belong to the 
same subject cannot each be the grounds of the other’s belonging to that subject, 
and that demonstrations prove their conclusions to hold through the grounds on 
which those facts actually depend. This view of the nature of demonstration and 
the belief that the relation ‘‘is the grounds of’’ is asymmetric can stand even 
without clear criteria for determining what is the grounds of what.5' 

Aristotle’s view amounts to the claim that principles are naturally prior to 
and better known than other scientific facts, which are proved from, depend on, 
and are grounded in them. To ask which of two rival arguments is a demonstra- 
tion amounts to asking which of the minor premises is a principle. The question 
which term is the grounds of the other amounts to asking which one’s relation to 
the subject is a principle on which the other’s relation to the subject depends. 
Moreover, since demonstrations prove an attribute to belong to a subject through 
the grounds on account of which it actually belongs, Aristotle is committed to a 
natural order of priority and intelligibility, a ranking of facts in a science in terms 
of being naturally prior and better known, which the science makes manifest in 
its proofs. The science explicates the network of relations among the subjects and 
attributes that constitute its subject genus.‘ ‘‘For Aristotle, an axiomatic system 
(i.e., a demonstrative science) is not just a preferred ordering of humanly con- 
structed knowledge, but a mapping of the structure of the real.’’53 


Priority, Primacy, and Ungrounded Grounds 


But principles are not just prior (prdtera) to the conclusions, they are primary 
(prota, 1.2 71b21). Since what is primary is indemonstrable (b26-27), a principle 
(72a6—7), and immediate (a8),54 and since no proposition is prior to an immediate 
one (a8), it follows that nothing is prior to what is primary, so that ‘‘primary’’ is 
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explicitly the superlative of the comparative ‘‘prior.’’ But since the priority of the 
principles is closely related to their being better known (sc., in nature) than and 
grounds of the conclusions, their superlatively prior character should also be re- 
flected in these conditions too. Now it is no problem to apply it to the former: we 
may simply say that the principles are best known in nature of all the propositions 
in a science. And surely Aristotle would agree. The application to the condition 
that the principles be grounds of the conclusions is not so straightforward, but 
that is what interests us here. If x’s being the grounds of y entails that x is prior 
in nature to y, it follows that if nothing is prior to y, nothing is the grounds of y: 
the principles are ungrounded. This does not mean that there is no reason to 
accept the principles, only that within the formal structure of the relevant demon- 
strative science, there are no further principles on which the principles are 
grounded. 

It is well known that Aristotle believes that principles are indemonstrable 
and no other propositions within a science are prior to them (1.3 72b18—20, b26— 
28). Is he aware that his principles must be ultimate as regards groundedness as 
well? 

Evidence is not hard to find. First, there is the final sentence of I.6, which 
concludes an argument (75a28—37) that the principles of proofs are per se prop- 
ositions. Even if the conclusion of an argument is per se, unless the premises are 
per se the conclusion is not known to be per se; further, the argument will not 
give the reason why, will not proceed through the grounds. ‘*Therefore it is nec- 
essary both for the middle to belong to the third (sc., the minor term in the argu- 
ment) because of itself and for the first (sc., the major term) to belong to the 
middle [because of itself]’’ (a35-37). The specification ‘‘because of itself”’ (di’ 
haut6) is significant. The point of saying that in principles the attribute belongs 
to the subject ‘‘because of itself’ is to contrast them with provable propositions, 
where the relation holds because of something else, the middle or principles used 
in the proofs. This description of principles is exactly what is needed to make the 
point in question: the principles are not further grounded in other propositions; 
they are grounded in themselves. 

Similarly in the account of hypotheses and postulates in I. 10: 


I.10 76b23-24 ‘‘What must be because of itself and must seem 
[to be because of itself] is not a hypothesis or a postulate.” 


I arguedss that this sentence contrasts what is provable (hypotheses and postulates 
are here demonstrable propositions) with what is not, the principles, by charac- 
terizing a principle as ‘‘what must be because of itself,’’ as opposed to the de- 
monstrable conclusions, which presumably are because of the principles.5° 

The final piece of evidence comes from the discussion of the possibility of 
proving the principles of each science from a set of higher (more ultimate) prin- 
ciples, where Aristotle makes a claim that holds generally whenever there is a 
demonstration: 
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I.9 76a18-22 ‘‘The person who knows from more ultimate 
grounds knows better, for he knows from things that are prior when 
he knows from ungrounded grounds. And so, if he knows better and 
best, that scientific knowledge would be better and best.’’ 


The shift from comparative to superlative is abrupt, but the passage obviously 
describes principles as ‘‘ungrounded grounds’’: knowledge based on principles 
is based on the ultimate grounds, which have nothing prior to them, and so are 
ungrounded. We might say not further grounded, since I.6 and I. 10 indicate that 
they are se/f-grounded. But the point is the same. 


CASE 2A: ANOTHER CASE OF NON-EXPERT KNOWLEDGE? 
The sentence bridging I.13’s treatment of case 2 and case I presents a puzzle: 


1.13 78b11-13 ‘‘In cases (2A) where the middles do not recipro- 
cate and the one that is not grounds is better known, the fact is 
shown, but not the reason why.”’ 


This is a footnote to the preceding discussion of case 2, where KF and not KRW 
results from taking the better known of reciprocating terms as middle when it is 
not the grounds.57 In case 2A, since they do not reciprocate it is not true that 
‘either can be shown through the other’’ (78a39). We cannot form syllogisms 
related as S1 and S2 (p. 216) are related. Only the proof (corresponding to S2) 
can be formed. But then how can it be said that the fact is shown, but not the 
reason why? Since the syllogism corresponding to S1 cannot be formed, how can 
the fact be shown at all? 

Aristotle may be guilty of a blunder, but he may have in mind a non-expert 
to whom what ‘‘is not the grounds is better known.’’ He knows that the planets 
are near better than that they have heliocentric orbits, whereas their having heli- 
ocentric orbits is the grounds of their being near. Since not everything near goes 
round the sun (e.g., the moon), but everything that goes round the sun is near, 
the following syllogism (corresponding to $2) yields KRW because the premises 
are grounds of the conclusion. 


$3. Everything that goes round the sun is near. 
The planets go round the sun. 
Therefore, the planets are near. 


But the following syllogism (which corresponds to S1) has a false premise, and 
so does not even yield KF. 


S4. Everything that is near goes round the sun. 
The planets are near. 
Therefore, the planets go round the sun. 
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It is incorrect to form S4 and then transform it into S3 (as we can move from S1 
to S2). The non-expert knows that the planets are near but not why, and so has 
simple KF. If someone shows him S3, he will not accept it as a proof since its 
conclusion is better known (to him) than its premises. Thus, it cannot give him 
KRW even though it reflects the knowledge of the expert. From his non-expert 
point of view, S3 proceeds in the wrong order, and so does S2. From his per- 
spective, S3 has the same ‘‘backwards’”’ look to it that S1 has to the expert. The 
point is that a person who does not (yet) know the principles better than other 
propositions in a science cannot have KRW. Even if offered a demonstration, he 
cannot grasp it as a demonstration, and so cannot understand it as showing any- 
thing other than the fact.5* On this reading, case 2A involves a false premise and 
therefore, although related to case 2, is not properly a case of KF within a sci- 
ence. 


I.13 Summary 


Can Aristotle reasonably think he has explained all the ways that KF and KRW 
differ in the same science? This should amount to an examination of all the ways 
demonstrations may fail. One way he does not consider is the cases where the 
premises are not all true,5® but such arguments are not ‘‘in’’ the science at all. In 
fact, they are positively unscientific, as he has just said in the previous chapter 
(1.12 77b16-27).© He also fails to consider invalid arguments®' and arguments 
with premises that are true but not per se, but none of these arguments are ‘‘in’’ 
the science either. 

After these ways, the obvious way for a demonstration to fail is for it to 
depend on true scientific propositions that are not principles. Case I covers this 
kind of failure, and although the discussion at 78b13—31 covers special cases that 
arise only in the second syllogistic figure, the general statement of case I at 
78a24—26 (quoted earlier in the present chapter) also covers first-figure cases, 
where, for example, in proving A—D we use only one middle term (B) instead 
of two (B,C), so the premise B—D is not immediate. 

Case 2 seems to require more: that we must put convertible principles the 
right way round. But all it actually requires is that premises be principles, and 
case 2 applies where we are not yet certain which propositions are principles. 
Thus case 2 is concerned not with blunders that can be made once the principles 
are identified, but with errors that may arise while a science is being organized. 
Aristotle can reasonably suppose that he has covered the possible ways to go 
wrong in proofs within an organized science and also what is likely to be the main 
source of trouble in forming proofs in the organizational stages.°3 

The remainder of I.13 (78b32—79a16) considers pairs of disciplines one of 
which can have only KF and the other of which has KRW, frequently without KF 
(a4). The passage contains a number of problems deserving of detailed treatment, 
but since it adds nothing useful for present concerns I omit discussion.®4 

To judge from I.13, KF results only when a proof misfires or one discipline 
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relies on another for its principles. But this is a mistaken notion to adopt in view 
of II.1—2 and II.8, where KF is said to be gained in the process of discovery, 
before we find a proof that provides KRW. First we discover that it is so, and 
then we proceed to discover why. This doctrine is not at all in conflict with I.13, 
whose message is that scientific knowledge of x, which is KRW, depends on 
having a demonstration of x, which depends on immediate principles and reveals 
the grounds of x. Without such a proof, we do not have KRW, and so have (only) 
KF. In the context of II. 1-2 and II.8, this would correspond to discovering the 
fact, attempting to discover the demonstration of it, but failing to discover the 
proof. What we think is the proof is flawed, so we do not get KRW and we remain 
with KF. 


Scientific Explanations and the Four Causes 


After exploring the natures of grounds and scientific explanation and their con- 
nections with other aspects of demonstrative science, it will be interesting to see 
how well the notions of grounds and explanation correspond to certain other con- 
cepts, so as to gain a wider perspective on these ideas. We may begin by com- 
paring the way principles are grounds (aition) of conclusions with the ways Ar- 
istotle identifies of one thing’s being aition of another in his well-known doctrine 
of the ‘‘four causes.’’®5 First let us eliminate the ‘‘final cause,’’ which is de- 
scribed as 


Phys.i1.3 194b32-35 ‘‘that on account of which, as health [is the 
final cause] of going for a walk: why is he going for a walk? we say 
‘in order to get healthy,’ and when we have said this we think we 
have given the cause.”’ 


I can think of no plausible way to regard principles as ‘‘that on account of which’’ 
the conclusions hold true. Equally great problems arise if we try to see them as 
the ‘‘efficient cause’’ of the conclusions. Aristotle defines this kind of cause as 


Phys.Il.3 194b29-32 ‘‘that from which comes the first beginning 
of change or rest, as the one who planned is the cause, and the fa- 
ther [is the cause] of the child, and generally that which makes [is 
the cause] of what is made and that which produces change of what 
undergoes change.”’ 


But conclusions are not produced or changed or at rest, nor do principles cause 
any change or rest in them. Since principles and conclusions are eternally true, 
they do not change at all, nor is it accurate to say that principles bring it about 
that the conclusions are true. They account for their truth, but there is no sugges- 
tion that conclusions would have been different if the principles had been other- 
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wise; they just cannot be otherwise, and Aristotle does not take this hypothetical 
approach to the matter. 

The ‘‘material cause’’ seems equally unpromising, since it is characterized 
as 


Phys.II.3 194b24 ‘‘that out of which as a constituent a thing 
comes to be.”’ 


This does not appear to describe the relation between principles and conclusions, 
since principles are not found in conclusions as bronze is found in a statue and 
silver in a bowl (Aristotle’s two examples at b24—-25). But another passage brings 
more kinds of relations under the heading of ‘‘material cause,’’®° one of which is 
that between ‘‘hypotheses’’ and conclusions: ‘‘and the hypotheses are causes of 
the conclusion as ‘that out of which’ ’’ (Met. A.2 1013b20-21). If Ross‘ is right 
to take “‘hypotheses’’ as premises, we still do not have the relation we need, since 
the relation between principles and conclusions of proofs is not the same as that 
between the premises and conclusion of any syllogism. But Aristotle says ‘‘hy- 
potheses,’’ not ‘‘premises,’’ and uses the word in the previous chapter for prin- 
ciples of proofs. In identifying uses of the term arché (APo’s word for scientific 
principle—the plural is archai), he says, ‘‘that from which the thing first becomes 
known is also called the arché of the thing; for example, the hypotheses [are 
archai| of demonstrations’ (Met. A.1 1013a14—16). Since he is defining arché, 
he cannot say that the principles of demonstrations are archaf because his word 
for ‘‘principle’’ is arché. Thus he uses a different word for the same idea. Ross’s 
view that “‘hypotheses’’ here means simply premises cannot be right. This makes 
it very likely that the word bears the same sense, ‘‘principles of demonstrations,’ 
in the next chapter. Confirmation is provided by the words immediately follow- 
ing: ‘‘Also causes are said in as many ways, for all causes are archaf’’ (a16—17). 
If discussing principles prompts him to speak of causes in A.1, and if in A.2 he 
then mentions, among his examples of causes, hypotheses as causes of conclu- 
sions, his thought is pretty clearly running along similar lines in both cases. It 
therefore seems that he claims that the principles of a demonstration are the ‘‘ma- 
terial cause’’ of the conclusion. 

It can be objected that the Physics also calls hypotheses material causes of 
conclusions (195a18), where there is no reason for thinking that ‘“‘hypotheses’’ 
refers specifically to scientific principles or ‘‘conclusions’’ to conclusions of 
proofs, and that Metaphysics A.2 is ‘‘almost word for word identical with Phys- 
ics 194b23-195b21”’ and probably “‘belongs originally to the Physics.’’** Objec- 
tors will then say that the ‘‘causal’’ relation found in demonstrations is not said 
to be that of material cause. 

But even if Aristotle does mean that the principles of a proof are the mate- 
rial cause of the conclusion, it is uncertain what the claim amounts to. It extends 
the notion of material cause to cover more ground than it did originally, but it 
is not clear what the point is except to find some place in the four ‘‘causes’’ for 
this kind of ation, which is so prominent elsewhere. For the premises of proofs 
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have nothing to do with the philosophical projects in which the notion of matter 
is used. They do not persist in the conclusions, are not the underlying substratum 
of change, or principles of individuation, or unknowable in themselves, and so 
on. Moreover, Physics I.9 200a15-30 shows that the relation of premises to 
conclusion ‘‘is the converse of the relation of a material cause to that whose cause 
it is. The premises necessitate and are not necessitated by the conclusion; the 
material cause is necessitated by and does not necessitate that whose aition it is’’ 
(Ross, p. 639). So, even if Aristotle did think that principles are the material 
cause of conclusions, it is unclear why he thought so or what he thought that 
identifying them in that way would achieve. Explicating principles in terms of 
the material cause is a dead end. 

The remaining possibility is that the principles are ‘‘formal causes’’ of the 
conclusion. This type of cause is defined as 


Phys.I1.3 194b27-29 ‘‘the account of the essence and the genera 
of this (e.g., the [ratio] 2:1 [is the formal cause] of the octave, and 
generally number) and the parts in the account’ 


and alternately as 
Met.A.3 983a27-28 ‘‘the substance and the essence.”’ 


This is the most promising candidate yet, since subject-attribute proofs depend 
on the essences of the subject and the attribute (as do the other two kinds of proofs 
in somewhat different ways). A subject-attribute proof demonstrates that a sub- 
ject A has attribute B per se, by virtue of its nature or essence: it shows that B 
belongs to A as a consequence of one or more of the elements in A’s essence. The 
proof can be sketched as follows: 


A— essence of A—B 


The proof may show that B belongs to A by showing that A’s essence entails that 
A satisfies the defining conditions of B; that is, A has as attributes essential attri- 
butes of B. In this case, the proof is outlined as follows: 


A — essence of A — essence of B — B 


It is therefore true to say that such proofs proceed via the essence of the subject 
and attribute. The reason why B belongs to A is that A and B have the essences 
that they do. If the middle term is the ‘‘cause’’ and the middle term is the es- 
sence,7° we have a straightforward reason to say that the kind of ‘‘causal’’ rela- 
tion characteristic of demonstrations is the formal cause. 

The same type of reasoning also holds for application arguments. There the 
form is: 
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specific subject A — generic subject B — attribute C,7! 


where B—C is immediate or is established by a normal subject-attribute proof, 
and B is a genus of A, so that A is related per se 1 to B. A is a species or another 
subclass of B and is defined as such. The remarks in the previous paragraph apply 
to the proof of B—C. A—B is also an essential relation. Here as before the con- 
clusion A—C depends on the essences of A and C. 

Existence proofs also proceed via the essence. Derivative subject B is 
proved to exist by showing that something (A) whose existence follows from that 
of the primitive subjects has as per se attributes the essence of B. The proof goes 
as follows: 


primitive 


. — Aexists — A—B, — essence of B — B exists 
subjects 


B’s essence is the middle and so the “‘cause.’’7? 

In all three kinds of proofs the essence (formal cause) is the kind of 
“‘cause’’ in play. But although it is in play, it is not quite the kind of ‘‘cause”’ 
required. In subject-attribute proofs, the essences involved are the essences of the 
subject (minor term of the conclusion) and attribute (major term). This holds for 
the other kinds of proofs, mutatis mutandis. The relation here is between one 
term in the proof and another. But the relation we are investigating is between 
facts, not terms; between principles and conclusion, or between the principles of 
a science and its provable facts. And we must keep in mind that claims that the 
middle (term) is the ‘‘cause’’ are equivalent to claims that the indemonstrable 
facts that contain the middle term are the ‘‘cause’’ of the conclusion. It is there- 
fore too simple to say that the kind of cause relevant to demonstrative science is 
the formal cause. That type of cause is relevant in the ways we have seen, but it 
is not the same relation as the one characteristic of scientific explanations. 

This result also applies to I.11, which purports to show that all four 
“*causes’’ can serve as middles of demonstrations, so that the scientific knowl- 
edge that results may be based on any one of the four.73 It may happen that final, 
efficient, or material factors enter into a thing’s definition—a chair’s purpose may 
be part of the definition of chair. In such cases, the essence contains nonformal 
elements. But it remains that if such an element is used as a middle term in a 
proof that the thing has some attribute, it does so by virtue of being part of the 
thing’s essence. The nature of the explanation is the same, only the type of ex- 
planans is different. It follows that II.11 does not help solve our present problem. 

In general, we should not expect any of the four ‘‘causes’’ to apply here, 
since they are introduced in the Physics in a context alien to demonstrative sci- 
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ence. Aristotle says that he must investigate the kinds and number of causes ‘‘that 
have to do with coming into being and passing away and all natural change’ 
(Phys. 11.3 194b21-22). But these kinds of phenomena are not all applicable to 
scientific facts. The examples given to illustrate the four ‘‘causes’’ show an in- 
terest in accounting for things (especially natural objects, but many examples 
mention artifacts), not facts. Also, if the four ‘‘causes’’ are to be understood as 
generative factors ,7”4 they will have nothing to do with the eternal (and therefore 
ungenerated) relations characteristic of science. It is best to refuse to identify the 
relation between scientific principles and conclusions with any of the four 
“‘causes,’’ while recognizing that the relation depends on the formal cause and 
perhaps the material cause as well. 


Aristotelian Grounds and Humean Causes 


It is no more helpful to try to understand the ‘‘causal’’ relation between principles 
and conclusions in Humean terms, for Hume and his followers are concerned 
with events, not subject-attribute relations.75 Moreover, they are interested in par- 
ticular events, not universals, and in their contingent, not necessary, effects. The 
kind of things that are cause and effect are vastly different from principles and 
conclusions of Aristotelian demonstrations, and the nature of the causal relation 
is vastly different from the relation between principles and conclusions. It is for 
this reason that I have shunned the translation ‘‘cause’’ for aitia and aition 
throughout. 


Aristotelian Explanations and the Deductive-Nomological Theory 


The way a demonstration explains its conclusion bears certain relations to the 
“‘covering law’’ or ‘‘deductive-nomological’’ view of scientific explanation. The 
latter view applies primarily to particular events locatable in time and space, and 
the explanation refers to initial conditions, which are also locatable in time and 
space.7° The emphasis on events rather than subject-attribute connections is un- 
Aristotelian, but more importantly the concern to explain particulars is the re- 
verse of Aristotle’s emphasis on universals, with particulars being explained only 
incidentally. Also relevant is the fact that this view of explanation violates Aris- 
totle’s prohibition on reciprocating attributes’ explaining one another. (One of 
the best examples in the literature on this topic is a pendulum whose period can 
be deduced from its length or vice versa.) The covering law theory is not 
grounded in a view of a natural ordering of priority and intelligibility, and so 
even though its explanations may resemble Aristotelian demonstrations in impor- 
tant respects, the conception of explanation underlying them is different.77 

It is more useful to compare Aristotelian proofs with modern views on ex- 
plaining scientific laws, since each proposition of an Aristotelian science can be 
thought of as a scientific law. (The deductive-nomological view can describe the 
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application of those propositions to individual cases, an aspect of science largely 
neglected in APo.) An enterprise similar to that of demonstrative science is car- 
ried on today in certain areas of science: ‘‘In the more advanced physical sci- 
ences, at any rate, the paramount concern is with the explanation of laws and, in 
consequence, with the systematic interrelations of laws.’’7* The deductive-no- 
mological view can be extended to cover explanations of scientific laws. Nagel 
asserts that explanations of scientific laws have the following features: (a) ‘‘all 
explanations of laws seem to be of the deductive type’’; (b) ‘‘all the premises are 
universal statements’’; (c) ‘‘there is more than one premise, each of which is 
essential in the derivation of the explicandum’’; (d) ‘‘the premises, taken singly 
or conjointly, do not follow logically from the explicandum’’; and (e) ‘‘the prem- 
ises of satisfactory explanations do appear to be more general than the expli- 
canda.’’79 I shall restrict myself to indicating briefly how well these agree with 
Aristotle’s requirements. 

Aristotle explicitly requires (a) and (b). He also requires (c), since irrele- 
vant premises are not grounds of conclusions. He would reject (e). The demand 
that conclusions be as general as possible—that the attribute be proved to belong 
to as wide a subject as possible, and wherever possible to a subject with which it 
is coextensive—presupposes that premises need be no more general than conclu- 
sions. When such proofs employ syllogisms in Barbara, all the premises are as 
general as the conclusion and no more so. He would probably reject (d) too. The 
discussion of case 2, in which the middle term reciprocates with the attribute of 
the conclusion, suggests that he thinks there can be two propositions each of 
which follows from the other. Of course, neither proposition follows from the 
other one taken alone. Nor does either follow from the other in conjunction with 
the same additional assumption, since the major premises are different (cf. S1 
and S2 on p. 216 above). On the other hand, if we suppose that the two major 
premises are both consequences of a single law stating a biconditional (a celestial 
object is near if and only if it does not twinkle), then each minor premise can be 
deduced from the other in conjunction with this law. In any case, if it turns out 
that Aristotle agrees with Nagel it will be because of technicalities in the syllo- 
gistic, not because of Nagel’s reasons. It results that the nature of explanation of 
scientific laws envisaged by Nagel is not identical with Aristotelian ‘‘real’’ ex- 
planation in order of natural intelligibility .®° 


Demonstration, Teaching, and Ideal Explanations 


At this point it is worthwhile saying that despite important similarities between 
Aristotelian demonstrations and modern views of scientific explanation, Aristo- 
telian principles are not exactly explanations of the conclusions. I have preferred 
to translate aitia and aition as ‘‘grounds”’ or ‘‘explanatory grounds,’’ partly to 
avoid the inappropriate translation ‘‘cause,’’ and partly to avoid the word ‘‘ex- 
planation,’’ since even though demonstrations are explanations, they are expla- 
nations of a special kind, and it seemed a good idea to find a somewhat different 
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term. Moreover, ‘“‘explanation’’ is more squarely in the realm of language than 
is desirable. An explanation is a series of propositions whose truth accounts for a 
fact. But Aristotle’s premises and conclusions are simultaneously or indifferently 
facts and propositions. He moves back and forth between the two ways of looking 
at them, sometimes saying that the principles and conclusions must be true (so 
that they are propositions) and sometimes treating them materially (e.g., ‘‘the 
conclusion belongs per se to a genus,’’ I.7 75a40—41). “‘Grounds’’ and ‘‘explan- 
atory grounds’’ can be used on both levels, since we may say that the premises 
(propositions) are the grounds of a conclusion (another proposition) and that cer- 
tain facts are grounds of others. ‘‘Explanatory grounds’”’ is clumsier, but conveys 
the idea that premises are grounds of conclusions by being the grounds (both as 
facts and as propositions) on which demonstrations are based, since demonstra- 
tions provide a certain sort of explanation of their conclusions and show that one 
proposition follows from others and also that one fact is necessitated by others. 

I shall conclude this chapter with a few words about the context in which 
such explanations are appropriate. It is important to keep in mind that ‘‘explana- 
tion’’ is a relative term. Explaining is basically making clear to someone some- 
thing he does not understand. It follows that what needs explanation is not un- 
derstood, so when a person understands something, it cannot be explained to him. 
Moreover, in general when different people do not understand the same thing, 
different explanations may be appropriate, depending on their knowledge and 
other factors. Likewise, what it takes to explain something to a single person will 
be different at different times. Aristotle recognizes these facts: 


Top.VI.4 141b15-19 ‘‘Absolutely, then, it is better to try to make 
what is posterior known through what is prior, inasmuch as such a 
way of procedure is more scientific. Of course, in dealing with per- 
sons who cannot recognize things through terms of that kind, it may 
perhaps be necessary to frame the expression through terms that are 
intelligible to them.”’ 


Top. V1.4 141b34-142a6 ‘‘Moreover, those who say that such def- 
initions, viz. those which proceed from what is intelligible to this, 
that, or the other person, are really and truly definitions, will have 
to say that there are several definitions of one and the same 

thing. . . . Moreover, to the same people different things are more 
intelligible at different times . . . so that those who hold that a defi- 
nition ought to be rendered through what is more intelligible to par- 
ticular individuals would not have to render the same definition at 
all times even to the same person.’’ (Trans. Pickard-Cambridge) 


What he says here about definitions applies equally well to explanation. His so- 
lution is to call for a single definition: 
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Top.V1.4 142a7-11 ‘‘The right way to define is not through terms 
of that kind, but through what is absolutely more intelligible: for 
only in this way could the definition come always to be the same. 
Perhaps, also, what is absolutely intelligible is what is intelligible, 
not to all, but to those who are in a sound state of understanding, 
just as what is absolutely healthy is what is healthy to those in a 
sound state of body.”’ 


The analogous claim for scientific explanations would be that demonstrations are 
directed at experts, people with a sound understanding of the subject.*' We are 
experts when ‘‘the same thing is more intelligible both to us and absolutely”’ 
(Top. V1.4 141b24-25), when we have managed ‘‘to start from what is more 
knowable to oneself and make what is knowable by nature knowable to oneself”’ 
(Met. Z.3 1029b7-8). For experts, demonstrations make possible the appropriate 
understanding of all the facts in a science by proceeding from principles, the most 
intelligible facts, to conclusions, which are less intelligible. 

But for the non-expert this is not the case. Insofar as what is less intelligible 
absolutely is more intelligible to a person, a demonstration does not explain its 
conclusion. But this means that proofs are not appropriate vehicles for teaching. 
Teaching-learning situations demand presentations appropriate to the students’ 
level, and students are not experts. For Aristotle the goal of learning is to reach 
the point where proofs based on principles that are most intelligible in nature 
reflect our own understanding of the subject, but such proofs are not the necessary 
or the sufficient means for reaching that point. 

On the other hand, experts do not learn from demonstrations since they 
already know. They not only know the principles better than the provable prop- 
ositions, but also know them as principles of those propositions, which is to say 
they already know the relations of logical consequence and real dependence that 
proofs display. Proofs only reaffirm what they already know. It follows that 
proofs are not the best way to teach a subject to anyone. By the time we reach 
the state when they would be the appropriate way to learn, we have nothing left 
to learn. 

It is not hard to think of circumstances where teaching is being done 
through demonstrations. University courses in mathematics and theoretical phys- 
ics are the most obvious examples. But even here it is not clear that teaching is 
done precisely according to the rules of Aristotelian demonstrative science. Fre- 
quently, steps in the reasoning are not explained, either because they are ‘‘obvi- 
ous’’ or because they are ‘beyond the scope of this course,’’ which is to say that 
the demands of formal rigor are not always satisfied. Perhaps more importantly, 
in presenting an axiomatized version of a subject, teachers frequently make no 
effort to go through the stage where the facts are known (KF) prior to being 
arranged in a deductive system. The consequence is that although students learn 
how some facts follow from others, they may not have a very sturdy grasp on the 
truth of what they are proving. *? 
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Demonstration is not primarily a teaching device but a kind of ideal expla- 
nation. Experts do not learn from demonstrations, but demonstrations reflect their 
understanding of the subject. This understanding is the goal toward which non- 
experts strive and against which they are measured. It is as if a demonstration of 
a fact is the correct answer to the question ‘‘why does the fact hold?’’ and we are 
graded by how closely our understanding of why it holds approximates the dem- 
onstration. The value of the demonstration in teaching non-experts is normative, 
since it shows them how they should understand the discipline, what facts they 
should find most intelligible, and the way they should view less intelligible facts 
as dependent on the most intelligible ones. To become experts they must first get 
factual knowledge and then learn how the facts are related. A formal presentation 
of the subject will help in both, perhaps not mainly by stating the facts or even 
by stating what their relations are,*3 but by presenting the subject in such a way 
that learners can see that the relations are what they are, and also why they must 
be that way. At that point they have become experts. 


Our Knowledge of 
the Principles 


CHAPTER XVIII 


APo Says A good deal about conditions principles must satisfy, about the types of 
principles required and their roles in proofs. To complement this material it 
should tell how the principles are discovered, since determining them is the in- 
dispensable first step in constructing such a science. Such an account would also 
quell the suspicion that either there are no principles that satisfy the theory’s 
requirements, or if there are they cannot be identified. These problems are espe- 
cially acute if APo is not derived from contemporary mathematical practice. If 
geometry were a demonstrative science, Aristotle could say, ‘‘to reach the prin- 
ciples of any science, copy the geometers—look to your own subject matter and 
follow their example.’’ But his conception of demonstrative science is a goal 
arguably not attained even in Greek mathematics,' and APo may contain a pro- 
gram for improving geometry as well as organizing other branches of knowledge. 
In any case, even a recommendation to copy geometry is in important ways in- 
appropriate for sciences whose subject matter is nonabstract, nonmathematical, 
and less precise than geometry. 

APo’s treatment of this crucial topic is disappointing—only occasional 
brief and sketchy passages, which are far from adding up to a complete account. 
Still, when they are supplemented by discussions in other works, generosity can 
find a coherent view that covers most of the ground. The purpose of this final 
chapter is to assemble this material and consider the account that emerges. This 
account is Aristotelian, and if it plugs the hole APo leaves open, there can be no 
objection to using it to complete what APo says. Still, if it seems curious that this 
account is not found in APo but has to be extracted from such diverse works as 
Topics, Prior Analytics, Metaphysics, De Anima, Nicomachean Ethics, and De 
Partibus Animalium, the following consideration may help alleviate it. 

Many of Aristotle’s works treat a single topic from a single standpoint. 
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There is no general work on biology, but a series of treatises of limited scope. Of 
the most general treatises, De Partibus Animalium examines the causes of the 
parts of animals, and Historia Animalium treats the differences among animals, 
the characteristics that belong to them all, and the causes of these. Similarly, 
Physics treats not the wide range of material included under the heading ‘‘things 
concerned with nature,’’ but only the principles of that subject, and this is all it 
professes to do.? Although this interpretation requires further discussion even for 
the works mentioned and would probably not hold for every one of Aristotle’s 
works,? still it can throw light on his selection of topics. He frequently fails to 
treat topics of primary importance to the subject and whose importance he should 
have recognized. In some cases, the reason is that the topic in question is off the 
point of his discussion. For example, although he is deeply interested in biologi- 
cal classification,* the biological works contain no systematic classification of 
animals into genera and species since the avowed purpose of those works is not 
to classify animals, but to discuss and account for their parts, their generation, 
their movement, and so on.°> 

The same can be argued for APo. Since the theory it sets out makes scien- 
tific principles so important, we naturally wonder how they become known and 
we expect Aristotle to satisfy our curiosity. But our expectations, although rele- 
vant to the subject matter, take us beyond the author’s intention. For APo dis- 
cusses the nature of demonstrative sciences, bodies of knowledge already ar- 
ranged as systems of demonstrations that derive conclusions from basic 
principles.° Thus conceived, the work need not consider how to discover facts 
and how to identify principles. These are related but separate issues. 

In fact, APo does contain material relevant to these issues, mainly in 1.18, 
1.31, and II.19. But I.18 and I.31 do not purport to be about these questions, and 
treat them only incidentally. Although I.18 is the most informative passage in 
APo I on induction and the transition from particulars to universals, its purpose 
is to show that if any of the senses were lacking, some scientific knowledge 
would be lacking also. The chapter is connected with I.16 and I.17, which take 
up other kinds of ignorance. (APo 1.18 presumably treats ‘‘ignorance in virtue of 
a negation,’ referred to at 1.16 79b23.) APo 1.31 argues that scientific knowledge 
cannot be obtained directly via sensation (87b28), but requires demonstration. 
Moreover, II.19 introduces the topic of how principles come to be known as if it 
had not been covered earlier.7 Nevertheless, each of these chapters contributes to 
the topic at hand, and other parts of APo II fill in some of the gaps. The task 
before us, then, is to examine these passages, to determine Aristotle’s views on 
the kind of knowledge we have of scientific principles and how we obtain it, to 
see whether they are coherent, to determine the gaps, and to supplement the gaps 
where possible from Aristotle’s other writings. 

Before taking up these passages, however, we should look at others that 
maintain that even practitioners of a science should not trouble about principles, 
but simply accept them. Aristotle frequently says that scientists must assume 
(lambénein) principles (esp. I.10 76a31ff.) or posit (tithesthai) them (e.g., 1.2 
72a21-22, I.10 76b12) or know them in advance (progindskein) (1.1 71a11, 1.2 
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72a28, a35), without any consideration of how they gain that knowledge. More 
strongly, he asserts that scientists are not required to account for the principles 
(1.12 7765-6). But if it is not the expert’s job to justify the principles, whose job 
is it? Or, if no justification is possible, how can we know the principles better and 
be more confident of them than the conclusions (I.2 72a25—-b4)? Knowledge and 
confidence seem alarmingly close to blind faith. 

These problems can be solved by considering the contexts in which the 
troublesome claims occur. Whenever Aristotle talks of assuming or positing prin- 
ciples or knowing them in advance, he is contrasting them with conclusions: in a 
formally organized science conclusions are proved from principles, and princi- 
ples are not proved, but posited. It does not follow that they are arbitrary or that 
there is no rational, systematic way to discover them; such matters just lie outside 
the scope of the discussion. 

Also, the point of I.12 is not that scientists have no idea why the principles 
of their sciences are what they are, but that it is inappropriate to ask them ques- 
tions about the principles while they are proving theorems. The subject of I. 12 is 
not how principles are known, but what questions fall under a science (77b6-9), 
and what I.12 says makes good sense in the context of a body of knowledge 
already organized as a demonstrative science: qua geometer, a person knows the 
truths of geometry in the appropriate ways and can state its principles and prove 
its conclusions. A geometrical account of a conclusion is a proof, and there is no 
such account of principles. 


Perception and Science 


On the other hand, APo occasionally steps outside the context of completed de- 
monstrative sciences and offers glimpses of how to gain knowledge of principles. 
Induction (epagégé) should play a major role in the procedure, since every ar- 
gument is deductive or inductive (APr II.23 68b13—14) and inductive arguments 
reveal the universal through the fact that the particular is obvious (I.1 71a8-9). 
Since scientific principles and conclusions are universal (1.8 75b21ff.), and since 
conclusions are reached by deduction from principles but not vice versa, Aristotle 
should hold that we learn principles by induction. 

This view is explicit in I.18, a brief chapter that argues that the absence of 
any of the senses would result in the lack of some scientific knowledge. The main 
thrust of the chapter is clear despite some obscurity in the connection of thought: 
demonstration proceeds from universals, we can reach universals only by induc- 
tion, and perception is prerequisite for induction since induction proceeds from 
particulars*® and perception, not scientific knowledge, has particulars as its proper 
objects. 

Knowledge of principles is ultimately based on perceiving particular oc- 
currences of phenomena. Induction elevates us from the level of the perishable 
world, the here and now to which the truths of science apply only incidentally 
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(1.8 75b24-30), to the universal, from the ‘‘this’’ (téde) to the ‘‘such’’ 
(toidnde).9 And the universal level is where the principles are found. 

This sketchy account says nothing about how induction works, nothing 
about the ontological status of universals or the psychological events associated 
with induction. Also, although principles and conclusions are both universal, it 
says nothing about how to identify which of the universals gained through induc- 
tion are principles. It does not even address the need to separate the universal 
connections that fall under a science from those that do not. Notice in Aristotle’s 
defense, however, that his failure to provide this information here is simply ex- 
plained by the fact that the subject of I.18 does not require it. 

APo 1.31, which refutes the view that scientific knowledge can result from 
perception alone, stresses that the object of demonstrative science is universal 
whereas that of perception is particular, and bases its arguments on this and re- 
lated facts. Although not containing the word ‘‘induction’’ (epagogé), it refers to 
induction and offers further information: 


1.31 88a2-5 ‘‘As a result of observing this [connection] occurring 
many times, after hunting out the universal we would have a dem- 
onstration; for the universal is clear from several particulars.” 


Although this passage offers no precise account of how induction takes place and 
seems to ignore the distinction between reaching universals and organizing them 
into a system of principles and conclusions, it reinforces I.18’s view of induction 
and suggests that repeated observations and careful thinking are needed to reach 
universals. But some cases are simpler: 


1.31 88a12-14 ‘‘If we saw some things, we would not investigate 
[further for the universal that explains the connection], not on the 
grounds that we had knowledge by means of seeing, but on the 
grounds that we had the universal as a result of seeing.’’'° 


In such cases we gain understanding 


1.31 88a16-17 ‘‘by seeing each case individually but at the same 
time grasping that it is the same in all cases.”’ 


Some universal connections are easier to grasp than others. In no case is the 
grasping mere perception, but in some it follows closely on the heels of percep- 
tion. An example shows that if we perceived more finely, some current puzzles 
would have obvious solutions (87b39-88a17). Whether or not we grasp the uni- 
versal simultaneously with perceiving a particular case,‘ the important point is 
that the move from particulars to universals is not a mechanical operation requir- 
ing a certain quantity of perceptions as input. The resulting grasp (noésai) that 
the connection holds in all cases, not just the ones at hand, sometimes requires a 
search and sometimes is apparent as soon as we see a single case. 
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Moreover, as I.34 points out, some people have a knack for quickly grasp- 
ing (89b12) connections that explain phenomena. This knack, ‘‘sharpness’’ (an- 
chinoia), is defined as the ability to hit the middle in an imperceptible time, and 
is characterized in terms of perception: 


1.34 89b14-15 ‘‘On seeing the extremes, the person recognizes 
all the middle terms that explain them.”’ 


APo 1.34 confirms that induction is not a mechanical or even an automatic pro- 
cess, but a matter of grasping universals, which may happen quicker or slower 
depending on the universal and the person in question. 

APo 1.31 and 1.34 share an interest in scientific explanations. It is not 
merely a matter of moving from a particular event to a description of it that sub- 
stitutes universal for singular terms. When Aristotle says that scientific knowl- 
edge is a matter of recognizing the universal (1.31 87b38—39), he goes on to 
equate knowledge of the universal with knowledge of the grounds and knowledge 
of the reason why (87b40-88a2). ‘‘After hunting out the universal we would have 
a demonstration’’ (88a3—4) means that the universal we find will be the scientific 
grounds indicated in the demonstration. Also note the emphasis in 1.34 on ‘‘the 
middle,’ ‘‘why,’’ and ‘‘because,”’ and the identification of grounds with middle 
terms (1.34 89bI I-15). 

The preceding discussion has introduced three conceptions of universals: 
universal concepts (horse), universal connections (all triangles have 2R), and uni- 
versals as grounds of conclusions. These conceptions are interrelated: a universal 
connection is a connection between an attribute and a universal concept, and the 
universal ground of a conclusion is a universal connection. In talking about uni- 
versals as grounds of scientific knowledge, Aristotle is referring not to a separate 
type of universal, but to an important role of universal connections in demonstra- 
tive sciences. 

The three conceptions point to three requirements for an account of how we 
come to have knowledge of principles. It must explain (1) how we move from 
individuals (Socrates) to universal concepts (man), (2) how we move from indi- 
vidual connections (my hand is now blocking my sight of the sun) to universal 
connections (an opaque object placed between a source of light and a surface 
prevents the light from that source from reaching the surface), and (3) how we 
identify which universal connections are the grounds of which. Clearly (3) is 
quite different from (1) or (2). Although I.18 bears only on (1) and (2), 1.31 and 
1.34 raise the issue of (3). Admittedly they do not call attention to how different 
(3) is from (1) and (2), but this apparent failure can be attributed to the topics of 
the chapters. In treating the inadequacy of perception to constitute scientific 
knowledge, I.31 displays different reasons why awareness of particulars, which 
is all perception is, fails to meet the conditions of scientific knowledge. One 
reason is that the latter has universals (both concepts and connections), not par- 
ticulars, as its object. Another is that scientific explanation works at the level of 
universals even when the explananda are particulars. These points are naturally 
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expressed in terms of the distinction between particular and universal and the 
roles of universals in science. 


The Path to the Principles 


The picture so far is the following. Scientific knowledge, which is on the level of 
universals and involves the ability to explain facts by means of demonstrations, 
is not identical with acts of perceiving, which inform us that individual instances 
of connections are currently taking place, and which do not operate on the level 
of universals or account for what is being perceived. However, scientific knowl- 
edge stems ultimately from perception. If we observe enough occurrences of a 
connection (and in some cases one occurrence may be enough), we can come to 
have universal and causal knowledge of it. 

The question how we move from perceived individual cases to the level of 
universals is taken up in the final chapter of APo, which is introduced as an epi- 
logue. Aristotle announces that he has completed his discussion of deduction, 
demonstration, and demonstrative science, and will take up two questions con- 
cerning the principles: how they come to be known and what the state that comes 
to know them is (II.19 99b17-18).? 

The answer to the first rejects the views that knowledge of principles is in 
us innately and that it comes from some other preexisting knowledge. Therefore 
we possess a capacity (duinamis) for gaining knowledge of them." After 1.18 and 
1.31, it is no surprise that this ‘‘innate capacity for discriminating’ (duinamin 
sumphuton kritikén) is identified as perception (99b35). 

The account of the path from perception to the principles is sketchy and has 
been taken in various ways. It falls into two parts (100a3—14 and a14—b5), of 
which the first identifies a number of stages in rapid fashion. I shall argue below 
that there are five: (1) perception, (2) memory, (3) ‘“experience’’ (empeiria), (4) 
the stage where we have reached the level of universals, and (5) the stage where 
we grasp the principles. '4 The first part of this account reads like a normal empir- 
icist version of the origin of knowledge, and I do not propose to discuss the nature 
of memory or say more about perception. The first difficulty comes in determin- 
ing the nature of ‘‘experience.’’ The parallel passage in Metaphysics A.1 offers 
assistance. 


II.19 100a4-6 ‘Experience arises from frequent memory of the 
same thing, since memories that are many in number constitute a 
single experience.”’ 


Met. A.1 980b28-981ar_ ‘‘Experience arises in people from 
memory, for many memories of the same thing result in the capacity 
of a single experience.”’ 


The Metaphysics passage goes on to point out that experience resembles science 
and art,'5 and, like APo, to say that science and art arise from experience. Unlike 
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APo it identifies two differences between the two stages: (1) experience stays on 
the level of particulars, whereas science and art are on the level of universals 
(981a15—16), and (2) people at the stage of science and art can explain what they 
know or do, whereas people on the level of experience cannot (a28-30). These 
differences are valuable clues to Aristotle’s view of the nature of experience and 
for understanding APo II.19. The first is stated together with an example: 


Met. A.1 981a5-17  ‘‘Art arises when from many notions of expe- 
rience there comes a single universal grasp concerning similar 
things. For it is a matter of experience to have a grasp that this thing 
helped Callias when he had this illness, and also Socrates and so for 
many individuals. But it is a matter of art to grasp that it helped all 
people of a certain kind—marked off in a class—who had this ill- 
ness, for example, phlegmatic or bilious people burning with fever. 
For as far as performance goes, experience appears no different 
from art, but in fact we see people of experience who are even more 
successful than those who have a theoretical knowledge of the sub- 
ject without experience. The reason is that experience is knowledge 
of the particulars, whereas art is knowledge of the universals, and 
all actions and comings-into-being are concerned with the particu- 
lar.”’ 


Our question is precisely how experience differs from memory and from art and 
science. Where does it fit between them? At first sight the past tenses of the verbs 
in the passage might suggest that experience is hardly different from memory, 
which should also contain information such as ‘‘this helped Callias when he had 
this disease,’’ but since experience also applies knowledge about the past to pres- 
ent cases, it is an advance on memory. We may now wonder how it can take 
place without reaching the level of universals. For the fact of recognizing that 
Callias, Socrates, and so on were cured by the remedy in question and that there- 
fore it should be applied to another individual with the same illness seems to 
presuppose that those cases are “‘marked off in a single class’’; this is true 
whether the class in question is the class of people with the particular illness or a 
certain kind of people with the illness (as if the treatment for phlegmatic people 
is different from that for others). But since marking the individuals off in a single 
class is characteristic of art, the distinction between experience and art is in dan- 
ger of collapse. 

The solution, I think, comes from two directions. The first has been set out 
by Ross. 


After having described [experience], however, as produced by many 
memories of the same object, Aristotle proceeds to describe it as 
embracing a memory about Callias and a memory about Socrates. 
These are not the same object, but only instances of the same uni- 
versal; say, ‘‘phlegmatic persons suffering from fever.’’ An animal, 
or a man possessing only empeiria, acts on such memories, and is 
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unconsciously affected by the identical element in the different ob- 
jects. . . . Experience. . . is a coagulation of memories; what is ac- 
tive in present consciousness in virtue of experience has not been 
experienced together. Therefore (a) as embodying the data of un- 
consciously selected awarenesses it foreshadows a universal; but (b) 
as not conscious of what in the past is relevant, and why, it is not 
aware of it as universal.'® 


People with experience can recognize one case as like others, but not say why or 
in what respect. They have not consciously marked off the individuals into a 
class, cannot ‘‘put their finger’’ on the common element (the class concept). They 
cannot explain their actions since they lack articulate knowledge of the concepts 
needed for an adequate explanation. For this reason too they are poor teachers 
(981b7-9). Aristotle gives no credit to the way a master teaches a trade to an 
apprentice, the teaching consisting in on-the-job training, which leads to experi- 
ence.?7 

The other approach to the problem is suggested by the assertion (98 1at12ff., 
quoted above) that a person with experience tends to do a better job than someone 
who knows universals but lacks experience, the familiar picture of the novice 
with plenty of book learning. The mention of such cases shows that the final 
stage, or at least knowledge of universals and the ability to give explanations, 
can be attained without experience. For this not to fly in the face of Aristotle’s 
account it must be taken as follows. In the history of human learning, relevant 
experience must precede achieved scientific knowledge, but once the latter is 
reached it can be taught to others without their having to go through the prelimi- 
nary steps. On the other hand, for practical applications there is no substitute for 
experience, which can be attained only by familiarity with individual cases. 
Sophomoric individuals who have knowledge without experience can mark off 
different kinds of cases. They know remedies for phlegmatic people suffering 
from fever and for bilious people with the same illness. They may be unable to 
recognize a phlegmatic or bilious person, but the distinctions will be clear in their 
minds. People with experience, however, are good at spotting the kind of case at 
hand, whether or not they can articulate (in technical language or otherwise) the 
classes and differentiae involved. 

The two approaches to the problem of the relation between experience and 
knowledge of universals show that articulate universal knowledge is neither a 
necessary nor a sufficient condition of experience. They also indicate the intel- 
lectual sophistication present at the level of experience. The second difference 
between experience and the more developed states agrees with this view. Accord- 
ing to it, people with mere experience cannot properly explain what they know: 
they know the fact (Aéti), but not the reason why (dihoti), as Aristotle says in 
language familiar from APo.'* The Metaphysics passage contrasts proper scien- 
tific (dihdti) knowledge not with scientific knowledge manqué, but with a kind of 
knowledge that in its nature cannot pretend to be scientific krowledge. It stays 
on the level of particulars, and so does not have explanations at all. Behind this 
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charge are the views that explanation works at the level of universals, and that 
explanations cover particulars only because the particulars are instances of the 
universals that are explained. Perception is the most authoritative knowledge of 
individuals, but does not give us the ‘‘why’’ of anything; it tells us that fire is 
hot, but not why.’ This feature of perception also holds for experience since in 
neither case has knowledge of the universal been attained. 

It is clear, however, that even if the knowledge associated with the ability 
to give an explanation requires knowledge of universals, the two types of knowl- 
edge are not the same. It is conceivable that we may have the latter without the 
former—we may grasp the appropriate universals without understanding how 
some are explained by means of others. Scientific knowledge requires both kinds 
(when we have them both, we have scientific knowledge), and Aristotle owes us 
an account of both. 

Did he even recognize that they are different? There is a small amount of 
evidence that he did. After saying that memory arises from perception and expe- 
rience arises from memory, he says: 


II.19 100a6-8 ‘‘From experience, or from the whole universal at 
rest in the soul, the one beside the many, which is one identical 
thing in all of them (the many), [arises] the principle of art and sci- 
ence.”’ 


The issue in interpreting this passage is how to take the conjunction ‘‘or’’ (é). Is 
it (a) disjunctive (the principle of science comes either from experience or from 
the universal in the soul), (b) explicative (it comes from experience, that is to 
say, from the universal in the soul), or (c) progressive (it comes from experience, 
or rather from the universal in the soul, which is the next stage after experience)? 
The first can be eliminated straight off. Aristotle is not offering alternative ac- 
counts of the origin of principles, and worse, talk of the universal’s being in our 
soul apart from the perception-memory-experience route would defeat the anti- 
Platonic account he is presenting. The second is adopted by most translators and 
commentators,?° but it contradicts the Metaphysics view that experience remains 
on the level of particulars. The parallels between Metaphysics A.1 and APo II.19 
are so close that we should be loath to find any significant disparity in the con- 
ceptions of experience present in the two chapters. Accordingly I prefer the third 
interpretation of ‘‘or,’’ on which ‘‘the universal at rest in the soul’’ is a stage 
intermediate between experience and scientific knowledge.?! 

Finally comes the stage where we know principles (100a8).*? This stage is 
an advance on the level of knowing universals.?3 The nature of the advance can 
be understood if we keep in mind that “‘principle’’ is a relative term: a principle 
is a principle of something. To grasp something as a principle is to understand 
how the things of which it is a principle depend on it.?4 In the case of demonstra- 
tive science, to grasp something as a principle is to grasp it as true, immediate, 
primary, and prior to, grounds of, and more naturally intelligible than the con- 
nections for which it is a principle (cf. I.2 71b20—22).?5 At this point we have 
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scientific knowledge of the entire subject matter of a science, since recognizing 
principles involves recognizing that they are principles and why they are princi- 
ples, and also recognizing that the universals that are not principles are dependent 
on the principles and how they are dependent. Thus, knowing principles entails 
appropriate knowledge of nonprinciples, and this amounts to possessing the 
whole demonstrative science. 

Aristotle mentions five levels of awareness, from the direct and unreflective 
awareness of perception to the highly structured awareness of a body of know]- 
edge that we have upon knowing the principles. Each succeeding stage brings a 
significantly different level of awareness, and the resulting picture serves Aris- 
totle’s purpose well. He then claims that his account satisfies the initial conditions 
(cf. 99b25ff.) of the chapter: 


II.19 100a10-11 “‘So the states (memory, etc.) are not innate?® in 
a determinate form and come not from higher?’ states, but from per- 
ception.”’ 


Next he offers a simile: 


II.19 100a12-14 ‘‘As happens when a rout has occurred in a bat- 
tle and one man has stopped, another stops and another, until it 
reaches the original position?*—the soul is such as to be able to have 
this happen.”’ 


This simile has favorably struck some commentators”? and has given rise to much 
speculation over the circumstances imagined in the simile and its precise appli- 
cation to the matter at hand. However, like some other famous similes of Aris- 
totle’s,3° this one does nothing to make the ideas clearer. 


Grasping the Universals 


Aristotle’s answer to the question how the principles come to be known is of 
limited value. In effect he says that we come to have this state as a result of 
having had a series of other states. He says nothing about how we get from one 
state to the next and little about what it signifies to have these states. Nor does he 
argue for this theory of the acquisition of knowledge. In my opinion, he thought 
the account, or at least the first part of it, would be generally accepted: ‘‘From 
perception arises memory, as we say, and from frequent memory of the same 
thing happening arises experience, for many memories in number are one expe- 
rience.’’ ‘‘As we say’’ refers to the preceding passage, which states without proof 
that in some animals there comes to be a ‘‘remaining of the perception.’’ The 
plausibility of this view must rest on opinions Aristotle expects his readers to 
share. Likewise, ‘‘for many memories are one experience’’ will be an argument 
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or explanation (as ‘“for’’ suggests) only if it is an appeal to ordinary views. As it 
stands, it only repeats the initial claim about the origin of experience. 

Even if Aristotle can expect general agreement so far, the agreement should 
be qualified, since the account can only work for perceptual memory, and he does 
not argue that this is the only kind, or the basic kind on which all other kinds 
depend, or the kind relevant to learning scientific principles. Moreover, even if 
the appeal to ordinary views carries him as far as the level of experience, it is 
unlikely to take him any farther. Perception, memory, and experience are familiar 
conceptions, but the conceptions of universals and of scientific principles are 
technical philosophical ideas. Aristotle owes us a clearer explanation of what is 
involved in coming to know universals and principles. He acknowledges as much 
and pays part of this debt in the following lines: 


II.19 100a14—b3 ‘‘Let us say again what was just said, but not 
said clearly. When one of the indiscriminables? has stood still,> the 
first universal is in the soul. (For to be sure it is the particular that is 
perceived, but perception is of the universal, e.g., of man and not 
of Callias man.) Again, a stand is made in these until the universals 
without parts‘ stand still, for example, first such and such an ani- 
mal, and then animal, and also similarly here.”’ 


NOTES ON TRANSLATION 

a. ‘‘Indiscriminables’’ refers to least general universals, infimae species; 
cf. II.13 97a37-39, b31. 

b. Notice the frequent use of the verb ‘‘stand,’’ which echoes the metaphor 
of the routed soldiers stopping in their flight, and to some extent continues it. 

c. ‘“The universals without parts’’ are presumably the most general univer- 
sals. These will be ‘‘without parts’’ in that they cannot be further analyzed into 
genus and differentia.3' 


The picture is fairly clear and well adapted to a system of classification by genus 
and species. The claim is that by noticing a number of relevantly similar individ- 
uals we come to have the concept for an infima species. When we have done 
likewise for all3* the species falling under a genus, we may consider them to- 
gether and get the generic concept. This same process can be continued stage by 
stage until we reach the most general universals.33 

The passage presents four main difficulties of interpretation. (1) It fails to 
call attention to the difference between the first and subsequent steps in this pro- 
cess, although the move from individuals to universals is logically different from 
that from less general to more general universals. This oversight or error has been 
seen elsewhere (e.g., 1.24), and I will not say more about it. However, the com- 
ment in parentheses can be read as a hint of Aristotle’s views on this issue.34 (2) 
It claims to clarify what has been said before,35 but can it be seen as clarifying all 
that is said in 100a3-14? (3) It discusses the acquisition of increasingly general 
universals, but what relation does this topic have to the subject under discussion, 
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how the principles of sciences come to be known? (4) What is the process of 
*‘coming to have’’ the concepts? 

(2) The question here is what Aristotle refers to as ‘“what was just said.”’ 
APo II.19 100a3-14 is so sketchy that we would like a fuller account of the whole 
process from perception to principles, but the passage simply does not do that. 
On the other hand, if he thought he could base some of his account on ordinary 
views about perception, memory, and experience, the part needing additional 
clarification would be the final two stages. In fact, the present passage amplifies 
the account of the first of these two stages, the advance from experience to knowIl- 
edge of universals, pointing out that there are universals of different levels of 
generality and claiming that we come to know universals in order of increasing 
generality. ‘“What was just said’’ refers to 100a6-7. 

(3) The examples (b2—3) prove that a14—b3 deals with the acquisition of 
universal concepts, whereas what is needed is an account of how we come to 
know connections of subject and attribute, since the principles and conclusions 
of scientific demonstrations are connections, not concepts. On the other hand, 
100a3—14 can be read as treating either universal concepts or universal connec- 
tions. Ross and Barnes prefer to see universal concepts throughout both passages, 
but consistency is achieved at the price of taking the entire discussion as misdi- 
rected. 

I prefer to understand the passage as answering the initial question of the 
chapter, how principles come to be known. This is the best interpretation of the 
perception-memory-etc. account, since we can perceive individual instances of a 
connection as well as individual instances of universal concepts (e.g., 1.31 88a1), 
and the same goes for memory. The example of experience in Metaphysics A.1 
is of a connection, not a concept, and ‘‘universal’’ is used of connections in APo 
(e.g., 1.8). Finally, the principles of sciences must be connections, not concepts. 

If 100a14~b3 is taken in the way just suggested, it is by no means irrelevant 
to the initial question. There are close relations between knowledge of universal 
concepts and knowledge of universal connections. Connections are connections 
between terms, and in scientific proofs all the terms must be universal.3° Univer- 
sal concepts of different levels of generality have their place in sciences, as the 
oft-repeated example about isosceles triangles versus triangles having 2R makes 
clear.37 It is therefore useful to make the point that we come to have knowledge 
of universal concepts at these different levels. 

Moreover, the same holds for knowledge of connections of different levels 
of generality, and the same example applies. In fact, if we read 100a14—b3 in 
terms of universal connections, its doctrine of how we come to know connections 
of increasing degrees of generality is related to the method sketched in I.5 for 
telling when we have a universal connection (74a36—b4). The attribute 2R be- 
longs to the isosceles bronze triangle, and it belongs when abstraction of ‘‘being 
bronze’’ and ‘‘being isosceles’ is made, but not when ‘‘figure’’ or ‘‘limit’’ are 
abstracted. First we notice that there is a connection between a subject and an 
attribute, and then we discover that there are also connections between wider 
subjects and that attribute. Thus the fact that the examples are examples of con- 


Our Knowledge of Principles 247 


cepts, not connections, no longer needs to be taken as a sign of confusion. For 
knowledge of universal connections presupposes knowledge of universal con- 
cepts; moreover, it is reasonable for Aristotle to believe that we gain knowledge 
of universal concepts and connections in similar ways. 

The interpretation offered makes 99b35-—100b3 relevant to the stated pur- 
pose of II.19 and makes 100a14—b3 relevant to the preceding passage, which it 
claims to explicate. APo II.19 100a14—b3 explains only part of what needs to be 
explained in the preceding passage and says nothing about moving from the stage 
of knowing universals to the stage of knowing the principles, which will involve 
the quite different processes of discovering logical relations among the connec- 
tions and determining which are most intelligible and explain the rest. 

(4) To understand what is involved in ‘‘coming to have’’ knowledge of 
universals, we must be clear what is at issue. The process sounds automatic and 
unreflective: something that we have the capacity to do (99b35) and that is the 
sort of thing that can happen in our mind (100a13-14). But the text is also com- 
patible with the view that progress from one stage to the next requires systematic 
intellectual effort. Still, Aristotle does not explain how the mind transcends the 
level of particulars to reach universals: he does not explain what if any mental 
effort is required, or specify what change occurs in us when we come to grasp 
universals, or say what it is to have a universal ‘‘at rest in the soul.’’ These would 
be grave omissions in a general theory of universals or of epistemological psy- 
chology; however, Aristotle does not intend to present such a theory, but to say 
how scientific principles come to be known (gnérimoi, 99b18). 

This question is to be understood in terms of the use of gnérimon elsewhere 
in APo. Recall the opposition between things “‘prior and more gnorimon without 
qualification or in nature’’ and things ‘‘prior and more gnérimon to us’’ (1.2 
71633-7285). Scientific principles are most gnérimon in nature and so least 
gndrimon to us. APo IL.19 gives a sense to the claim that the things more 
gndrimon to us are ‘‘nearer perception’’ and those more gndrimon in nature are 
“‘farther from perception’’ (1.2 72aI1—3). Similarly for the statement that the latter 
are most universal and the former are particulars (1.2 72a4-5). What Aristotle 
wants, then, is an account of how we pass from what is more gndrimon to us to 
what is more gndrimon in nature,3* or of how what is gndrimon in nature comes 
to be gndrimon to us.39 

Gnérimon and its forms cannot be translated throughout as ‘‘known’’ with- 
out awkwardness: what is by nature less known may be better known than what 
is by nature better known.*° ‘‘Knowable’’ and ‘‘intelligible’’ are better, but re- 
quire explanation. The most helpful approach is offered by the discussion of def- 
inition in Topics V1.4,*' which requires definitions, like demonstrations, to pro- 
ceed from what is prior and more gnérimon—the only way to avoid a plurality of 
definitions of the same thing (141a26—b2). It continues as follows: 


Top. V1.4 141bs5—-142a10 ‘‘What is prior is without qualification 
more gndrimon than what is posterior, as point is to line, line to sur- 
face, and surface to solid. . . . But sometimes it falls out in the op- 
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posite way for us. For what is solid is most directly perceived, and 
the surface is more so than the line, and the line than the point. For 
most people know such things first, for it is characteristic of ordi- 
nary intelligence to learn these, and of precise and fine intellect to 
learn the others. Now speaking unqualifiedly, it is better to try to 
get to know what is posterior through what is prior, since this way is 
more scientific. However, for those who cannot get to know some- 
thing in this way, it is perhaps necessary to frame the account [/6- 
gos] in terms of what is gndrimon to them. Examples of such defini- 
tions are the ones defining a point as the extremity of a line... . 
But we must not fail to notice that such definitions cannot express 
the essence of the definiendum, unless the same thing happens to be 
more gndrimon both to us and without qualification. . . . The view 
that definitions in terms of what is more gndrimon to each person 
are really definitions is open to the objection that there are many def- 
initions of the same thing. For different things turn out to be more 
gnorimon to different people, and not the same to all, so that differ- 
ent definitions would be given in terms of what is more gnorimon to 
each. Moreover, different things are more gnorimon to the same 
person at different times—perceptible things at the beginning, and 
the opposite as they get more precise, so that on this view the same 
definition will not always be given even to each person! It is clear, 
then, that this is not the way to define, but it should be done via 
what is without qualification more gndrimon, for only this way will 
there always turn out to be one and the same definition. Perhaps fur- 
ther, that which is without qualification gndrimon is not that which 
is gndrimon to all, but what is gndrimon to those properly disposed 
in their intelligence.” 


The greatest value of this passage is the refinement it gives to the notion of what 
is gnérimon to us. The ‘‘we”’ here is not all human beings but ‘‘the many”’ (b12), 
those who are not ‘‘properly disposed in their intelligence’’ (a10), who do not, 
or do not yet, have a ‘‘precise and fine intelligence’ (b13), in short, who are not 
experts. Aristotle does not deny that what these people can grasp is somehow 
gnérimon, namely, relatively to them. To this extent, what can be known can be 
known by individuals, and the claim of ordinary folk to knowledge is not re- 
jected, though it is distinguished from the ideal. Further, what is without quali- 
fication gndérimon is not beyond human reach, but is what is gndérimon to the 
expert. Moreover, experts are made, not born.4? 

This analysis supports translating gndrimon as “‘intelligible,”’ since differ- 
ent things are intelligible to different people and to the same person at different 
times, and we can speak of what is intelligible without qualification as a standard 
for certain concepts, such as definition, proof, and explanation. The latter will be 
what experts agree to be satisfactory in relevant ways.43 
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As to the question how what is more gnérimon without qualification comes 
to be more gndrimon to us, part of the answer is now at hand: it comes to be so 
as we come to be experts, as our intelligence comes to be correctly disposed. 
Connecting Topics 142a2—4 with APo II.19 100a3ff., we see that these changes 
are a matter of moving from the condition where perceptible particulars are the 
most intelligible to us through the stages of memory, experience, and thought at 
the level of universals, and finally reaching thought that reveals the truth of things 
through their relation to the principles. This process consists in enlarging and 
enriching our awareness from the level where we are limited to the immediate 
apprehension of individuals by perception to the highest stage, where we see 
individuals as unimportant except as instances of scientifically explainable uni- 
versal truths. 

Aristotle speaks of this process not as a shadowy way of constructing uni- 
versals out of the residue left by particulars +4 but in terms of the verb gnorizein, 
“become acquainted or familiar with,’’ ‘‘come to know,”’ “‘recognize,’’ and the 
related adjective gnérimon, ‘‘familiar’’ or ‘‘intelligible.’’45 APo II.19 begins by 
asking how the principles come to be known and ends its discussion of this ques- 
tion by saying ‘‘we must come to know the primary things by induction’’ 
(100b4).4° APo I.31 proves that perception cannot provide scientific knowledge 
by saying that perception must have particulars as its objects, but scientific 
knowledge is a matter of coming to know the universal (87b37—39). Although 
inadequate as a full description of scientific knowledge, this claim throws light 
on the approach of II.19. The universal is present in the particulars (100a7-8), 
and our task is to recognize it, to become familiar with it. Aristotle identifies the 
cognitive dispositions a person has during the process of becoming familiar, and 
quite reasonably supposes that he has given an answer to the question how we 
become familiar with them. By that question he merely intends to ask what stages 
we pass through in coming to know the principles. He does not need to explain 
what mental work is needed to do this, what change occurs in us when we come 
to grasp a universal, or what it means psychologically or physiologically for us 
to have a universal ‘‘in the soul.’’ He can be content with indicating that there is 
a point at which we recognize what the many particulars we have perceived have 
in common, and instead of giving an account of the mechanism by which we do 
this, he can say simply that we can do so because of the way our soul is consti- 
tuted (100a13-14). 

APo II.19 100a14ff. should be read in this light. It tells more about the 
stage where the universal comes to be at rest in the soul, but consistently with the 
rest of the passage does not discuss psychological events. The earlier statement 
needs amplification because what it mentions as a single stage really covers sev- 
eral substages, since there are universals of different levels of generality and ac- 
cording to Aristotle they are learned in sequence and do not all equally proceed 
from experience. 

The stretch of text beginning at 100a14 concludes with this summary state- 
ment: 
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II.19 100b3-5 ‘‘So it is clear that we must come to know the pri- 
mary things by induction; for also that is how perception plants the 
universal in us.”’ 


It is easiest to take ‘‘that is how’’ (b5) to refer to induction (b4)47 and ‘‘induc- 
tion’’ as the term for the process described at a15ff.4* This is some kind of argu- 
ment, as “‘for’’ shows. The main issue is how to take ‘‘primary things’’ (b4), an 
expression frequently used for scientific principles.49 If it has this sense here,*° 
the argument goes: perception instills universal concepts by induction, as we 
have seen; so it is clear by analogy that we come to know principles by induction. 
On this reading Aristotle is confused as to what he has shown. The previous 
passage said nothing about principles, only something about universals, and no 
reason is given to think we reach principles and universals the same way. This 
interpretation can be maintained if 100b3—5 summarizes not just al4ff., but ev- 
erything from 99b35, which does take us as far as the level of principles. This 
view is implausible, however, since 100b3—5, with its references to induction 
and the universal, is closely related to 100a15ff. but not to the rest of the section. 

Alternatively we may take ‘‘primary things’’ as the most general universals 
in a science (as at I.10 76a32).5' The passage then asserts that perception instills 
the most specific universals in us by induction, and so by extension (or, as we 
have just seen) we come to know the most general universals by induction. On 
this view, the passage summarizes 100a14-b3. 


Induction 


To decide between these views we must determine what Aristotle means by in- 
duction. Is it precisely the process that leads from perception of individuals to 
recognition of universals through the intermediate stages memory and experi- 
ence? Is it something more general that includes this process among others? Or 
is it something that presupposes the capacities to perceive, recall, and so on, but 
differs from the exercise of these capacities ?5? 

The words epagégé, epdgein, and epaktikés have a variety of uses in Ar- 
istotle, some technical and some not.*3 The technical, dialectical, and logical uses 
vary. Ross’s survey and analysis5+ deserve mention, but more helpful for now is 
Engberg-Pedersen’s schema of uses of epdgein and epagogé> In his view, ‘‘the 
root idea of Aristotelian epagégé in its full, technical sense’’ is ‘something like 
‘attending to particular cases with the consequence that insight into some univer- 
sal point is acquired’ or ‘acquiring insight into some universal point as a conse- 
quence of attending to particular cases.’ ’’5° (Note that ‘‘particular cases’’ can 
include individuals, as opposed to universals, and specific, as opposed to general, 
terms. The ‘‘particular’’/universal distinction also covers items that can appear 
as subjects and attributes in predications, and also connections of subjects and 
attributes that are expressed in subject-predicate propositions.) This ‘‘root idea’’ 
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is not found in all cases where the words are used in logical contexts,57 but this 
or something like it is the use relevant to APo. 

Epagogé is prominent in a variety of contexts. Topics 1.12 identifies it and 
deduction (sullogismés) as the two forms of dialectical reasoning and describes it 
as the more convincing and clear of the two, more intelligible from the point of 
view of perception, and appropriate to use in dialectical discussions with the 
many (10sal6ff.). Its use in dialectical situations is suggested in Topics VIII.2 
157a34ff.: a number of cases are produced to force one’s opponent to grant a 
general claim or produce a counterexample, and except in unusual circumstances, 
he may not offer the case in dispute as a counterexample.>* Likewise, epagdgé is 
said to play an important part in teaching and learning,5® whether done coopera- 
tively or alone. 

Epagégé does not require a large number of cases, just enough for the in- 
dividual in question to recognize the common principle or element in the cases 
given. The number needed will depend on the aptitude of the individual and the 
value of the cases; in some situations a single case will suffice.© 

The induction described at Topics VIII.2 157a34ff. is a form of argument. 
Another kind of argument associated with induction is found in APr II.23. This 
is so-called ‘‘perfect’’ induction.®' Aristotle’s example is as follows: 


APr 11.23 68b19-29 ‘‘Let A stand for ‘long-lived,’ B for ‘bile- 
less,’ C for particular [species of] long-lived animals, such as man, 
horse, and mule. Now A belongs to all C, since every C is long- 
lived. Also B belongs to every C. So if C and B are convertible and 
B is not wider in extension, A must belong to B. . . . But we must 
grasp that C is composed of all the particulars, since the epagdgé 
proceeds through all of them.”’ 


This argument has little in common with the other. Both are called epagdgé and 
both yield a general conclusion, here, that all bileless species of animals are long- 
lived. But here it is essential to know that all cases (in this example, species) have 
been covered, a requirement not generally needed for the former kind of 
epagoge. 

Epagogé need not be restricted to the two kinds of argument so far identi- 
fied. Hamlyn suggests that the inductive arguments for whose use Aristotle 
praises Socrates® are like the one in Meno where Socrates leads a slave to under- 
stand a geometrical relation in a particular diagram and ipso facto to see that it 
holds for all similar cases.** Although Aristotle does not specify exactly what 
features of which Socratic arguments are inductive, there is no reason to deny 
that this type of argument is covered by the ‘‘root idea’’ of Aristotelian 
epagoge. 

There may be other ways to advance to general or universal knowledge. 
Aristotle’s assertion that all convictions result from deduction or induction®s 
leaves the field wide open. Since the one proceeds to the universal or general and 
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the other proceeds from it,®* any way of proceeding from the particular or specific 
to the universal or general should count as epagogé. 

In my view, APo portrays epagogé differently from (though perhaps not 
incompatibly with) epagogé by argument. Epagogé has no place in achieved de- 
monstrative sciences. Its use in dialectical argument is irrelevant,” as is its use 
in teaching. Demonstration is a form of teaching, but is quite different from 
epagogé.® But epagdgé does play a role in reaching scientific principles, and in 
this role it is connected with perception. ®? 

The following is a sketch of its role. Coming to know scientific principles 
involves two stages of thought: acquiring universal concepts and connections, 
and organizing them into a deductive system. Epagégé has to do with only the 
first stage. It consists in passing from the level of particulars to that of universals, 
of whatever generality, which may or may not happen as the result of argument. 
It is a matter of coming to see a particular as a particular of a given kind, coming 
to see Callias as a man.7° We come to see the universal in things. We do not in 
general see it right off, although that happens in some cases. 

That epagégé has to do with grasping the universal is obvious from such 
passages as 1.18 81b2 and II.19 100b4~5.7' On the reading advanced above, 
100b3—5 summarizes a15ff.; the latter in turn expands part of the previous dis- 
cussion (a6—7), which moves too quickly from the level of experience to that at 
which universals come to be at rest in the soul. The expanded treatment speaks 
of the occasion when the first (most specific) universal comes to be in the soul, 
and further speaks of becoming acquainted with more and more general univer- 
sals. Perception brings us to have the universal ‘‘in our soul’’ by epagdgé (b5). 
This situation is described at a15—16: ‘‘when one of the indiscriminables has 
stood still, the first universal is in the soul,’’ a reference to a3—6, which identifies 
the stages from perceiving particulars to grasping universals. It also picks up the 
doctrine of I.18 on the relation between perception, epagdgé, and the grasp of 
universals. But the process does not stop here. Epagogé not only gets us to the 
most specific universals, but also advances to the most general. So far the passage 
does not contain an argument, only an analogy: we learn the most specific uni- 
versals from perception by means of epagdégé; similarly we learn the most general 
universals by means of epagogé. I suggest that the argument depends on a tacit 
premise that all movement from kath’ hékaston to kathélou (which covers move- 
ment both from particulars to universals and from specific to general) is due to 
epagogé. The argument goes: (1) the move from perceiving particulars to grasp- 
ing the most specific universal is due to epagdgé; (2) the move from perceiving 
particulars to grasping the most specific universal is a move from kath’ hékaston 
to kathdélou; (3) all moves from kath’ hékaston to kathélou are due to the same 
thing; (4) therefore, all moves from kath’ hékaston to kathélou are due to 
epagogé (from 1, 2, 3); (5) the move from grasping the most specific universal 
to grasping the most general universal is a move from kath’ hékaston to kathélou; 
(6) therefore, the move from grasping the most specific universal to grasping the 
most general universal is due to epagdgé (from 4, 5). 

This reconstruction reflects the parallel Aristotle sees between moving from 


Our Knowledge of Principles 253 


particulars to universals and moving from specific to general. It also accounts for 
his using the parallel as a basis to infer that both processes are due to the same 
thing.”? Therefore, APo requires nothing more of epagégé than its normal func- 
tion of getting us to know universals (the more general) from knowing particulars 
(the more specific). The passage does not support the view that epagdgé gives us 
knowledge of principles.73 

Although epagogé can occur through argument, APo stresses not argument 
but perception. The crucial passage is this: 


II.19 100a16—b1 ‘‘For he perceives the particular, but the percep- 
tion (or, his perception) is of the universal, for example, man, but 
not Callias [the] man.’’74 


This passage raises several problems. It seems to maintain that whenever we 
perceive something, we necessarily perceive it as an instance of the universal it 
falls under. But in the first place this claim seems plainly false. We frequently 
fail to classify correctly things we perceive. Second, it seems to give too big a 
role to perception: if perception does so much, what need is there for memory 
and experience? Third, it makes a distinction between what is perceived and what 
the perception is of—a tenuous distinction.75 Finally, it appears flatly to contra- 
dict a passage that says that perception is not of the universal: 


1.31 87b39-88a2z ‘“‘If we were on the moon and saw the earth act- 
ing as a screen, we would not know the cause of the eclipse. For we 
would perceive that it is now eclipsing, but not in general why. For 
the perception was not of the universal.”’ 


According to Ross,7° 100a16—bI explains how ‘‘the ‘standing still’ of an individ- 
ual thing before the memory is at the same time the first grasping of the universal; 
this is made easier to understand by the fact that even at an earlier stage—that of 
perception—the awareness of an individual is at the same time awareness of a 
universal present in the individual; we perceive an individual thing, but what we 
perceive in it is a set of qualities each of which can belong to other individual 
things.’’ Ross claims that what is involved in seeing Callias and identifying him 
as a man is the same as what is involved in seeing Callias and identifying him as 
pale. Both pale and man can belong to other individuals and so are universals. 
And even at the earliest stage (perception) we are aware of perceptible qualities. 

Some reject this view of perceptible qualities. According to Owen,”? we 
see a particular pallor, though other individuals can have this same particular 
shade too. (In this respect colors are different from substances.) And so, how 
from seeing a particular pallor we attain the notion of pale remains just as much 
a problem as how we attain the notion of ‘‘human’’ from seeing an individual 
human. 

A further objection may be granted by those who do not accept Owen’s 
view of individuals. For Aristotle, we grasp perceptible qualities differently from 
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other aspects of things. ‘Perception is affected by what has color or flavor or 
sound, but not by the way in which each of them is called [Callias, man] but as 
such and such [pale]’’ (De An. II.12 424a21I-24): we perceive color and so on 
directly, but not so Callias or man. The former are proper objects of the senses, 
the latter incidental objects.7* The distinction between what we do and do not 
perceive directly is central to Aristotle’s theory of perception and fundamental to 
the empiricist epistemology of APo II.19. He says nothing about how we become 
aware of incidental objects, but this process is obviously different from our direct 
perception of proper objects. 

Two passages from De Anima suggest a way to bridge the gap between 
perceiving proper objects and grasping universals: 


De An. III.8 432a4-5 ‘‘The objects of the intellect are among (or 
in) the sensible forms.”’ 


De An. III.4 429a15-18 ‘‘[The part of the soul by which it knows 
and understands] must be receptive of the form . . . and as the fac- 
ulty of sense is to sensible objects, so must the intellect be related to 
intelligible objects.’’ (Trans. Hicks) 


If objects of the intellect are sensible forms, and if the intellect stands in the same 
relation to its objects as the senses do to theirs, then in apprehending sensible 
forms we are apprehending intelligibles. Ross’s account can be sustained if (1) 
sensible forms are the same as proper objects of the senses, (2) objects of the 
intellect are (or include) universals treated by science, and (3) 432a4—5 means 
that the objects of the intellect are among (are a subset of) the sensible forms. 

(1) The notion of ‘‘sensible form’’ is basic to the view that it is not the 
things perceived that are in the soul, but their forms: ‘‘the rock is not in the soul, 
but only its form’’ (De An. III.8 431b29), and ‘‘the sense organ receives its object 
minus its matter’? (De An. III.2 425b23-24).79 Perceived forms are sensible 
forms,*° “‘the forms of sensible things, the qualities in them which constitute 
them what they are, the red of the red thing, the sound of the resonant thing, the 
flavor of the flavored thing.’’*' Thus sensible forms appear to be the proper ob- 
jects of perception. 

(2) De Anima agrees with APo that the objects of scientific knowledge are 
universals, and these are in some way in the soul: 


De An. II.5 417b22-25 ‘Actual sensation has particulars as its 
objects, whereas scientific knowledge has universals. These are 
somehow in the very soul. Therefore it is in a person’s power to 
think [noésai] whenever he wishes, but not to perceive, since that 
which is perceived must be present.”’ 


This passage makes a contrast between the objects of perception and of science, 
and connects science with thinking (noésai). It is reasonable to conclude that the 
objects of thought (ta noétd) are, or include, universals treated by science. 
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(3) The claim that the objects of the intellect are in the sensible forms could 
mean that they are among perceptible forms, a subclass of them (so Hamlyn), or 
inherent in them, existing in them (Simplicius, Hicks, Rodier, Ross). The first 
interpretation promises a simple solution to our problem: universals with which 
science deals are intelligible forms and so perceptible forms grasped by percep- 
tion, like other perceptible forms. But this interpretation conflicts with the notion 
of ‘‘perceptible form’’ for reasons given above (pp. 253-54); nor does it fit the 
following lines as well as the second interpretation does, since the objects of the 
intellect include ‘‘abstractions and all the states and attributes of perceptible 
things’’ (De An. III.8 432a5-6) and it is hard to see how to count these things as 
perceptible qualities. 

De Anima II1.8 432a4—5 is therefore best taken as saying that objects of the 
intellect are inherent in perceptible forms, but how we recover intellectual forms 
from sensible forms remains obscure. Aristotle is silent on this subject elsewhere 
as well.*? Since the way we come to know universals described at APo II.19 
100aI5ff. must not in general be assumed to be the same as the way we grasp 
perceptible qualities, Ross’s account is unsatisfactory. 

Another approach comes from viewing epagdgé in terms of coming to have 
a special kind of perceiving: coming to see a particular as a particular of a certain 
kind. APo II.19 100a16-b1 refers to the stage where epagogé. has taken place, 
where we have reached the first (most specific) universal, where we perceive 
Callias no longer as a mere particular but as a particular of a certain sort: we now 
spot the universal element in particulars. At this point we can direct our attention 
to the universal element, in which case our perception is of human, not of Callias 
or of Callias the human. (We can also direct our attention to the particular in 
question, so that our perception is of Callias or Callias the human. )*3 

This interpretation also resolves the apparent conflict with APo I.31 87b39- 
88a2. APo 1.31 contrasts perception with scientific knowledge on the grounds 
that we perceive particulars (‘‘the this and here and now,’’ 87b30), whereas sci- 
entific knowledge has universals as objects, and that perception does not explain 
things, whereas scientific knowledge does: 


1.31 87b39-88a5 _ ‘‘For this reason, even if we were on the moon 
and saw the earth acting as a screen, we would not know the cause 
of the eclipse. For we would perceive that there is an eclipse now, 
but not generally why; for perception was not of the universal. 
However, as a result of observing this [connection] occurring many 
times, after hunting out the universal we would have a demonstra- 
tion; for the universal is clear from several particulars.’’ 


1.31 88a12-17 ‘‘If we saw some things we would not investigate 
(further for the universal that explains the connection|—not on the 
grounds that we had knowledge by means of seeing, but on the 
grounds that we had the universal as a result of seeing; for example, 
if we saw the glass perforated and the light going through, it would 
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also be clear why it burns—by seeing each case individually, but 
grasping at the same time that it is the same in all cases.”’ 


These passages do not treat proper objects of perception, but are concerned with 
connections rather than objects. What is seen is the individual eclipse; acquain- 
tance with the earth, moon, and so on is taken for granted. But these considera- 
tions make no important difference to the account, which makes it clear that we 
perceive individuals, not universals. In general, knowledge of universals comes 
from considering individuals. No matter whether it takes one or many observa- 
tions, seeing the phenomenon, though necessary, is not a sufficient condition for 
grasping the universal. Our minds work in such a way that the natural and ex- 
pected result of perceiving something enough times is that we grasp the universal 
under which it falls: we see it as an A. But this result is due both to the acts of 
perceiving and to other activity of our minds.** Although Aristotle never provides 
the explanation and justification this view needs, it is intelligible as it stands. 

What is important for our purposes is that the person imagined to be on the 
moon and seeing the earth acting as a screen has not studied enough cases to 
know the universal. When he sees the eclipse he sees the particular, but not as an 
instance of the appropriate universal. Thus, his perception is not of the universal. 
Upon seeing enough cases he will be in the situation described at II.19 100a16— 
br, and his perception will be of the universal. The conflict between 1.31 and 
II.19 is resolved by recognizing that the ‘‘perceivers’’ are at different stages. 

Perception provides the material for induction. It presents particulars to our 
consciousness in such a way that our minds can operate on them and come to 
recognize the universals in them. This is the meaning of 100bs: “‘This [induction] 
.is the way in which perception implants the universal.’’ Aristotle fails to give a 
detailed account of induction, if that means a full description of the cognitive and 
psychological processes involved in moving from perceiving individuals to per- 
ceiving them as individuals of a type. But on the present interpretation, induction 
plays exactly the role it should in APo, enabling us to take an important step 
toward grasping scientific principles. 

To summarize. Epagégé is the way we come to spot individuals as individ- 
uals of a kind. Equivalently, it is the way we become aware of universals in 
particulars. It can happen by argument and in other ways. The way APo II.19 
sketches consists not in argument but in acquiring expertise at spotting relevant 
general features in things. Epagogé is not simply habituation that occurs auto- 
matically as cases are piled up, but the development of a kind of insight into 
individual cases, an ability to grasp universals present in them. It occurs in hu- 
mans as a measure of their rationality, but is by no means a mechanical or inevi- 
table result; it may happen quickly or slowly or not at all, depending on the person 
and the nature of the cases. Teachers can help by providing good examples and 
pointing out relevant features, and such teaching may proceed not only by pre- 
senting case studies but also by basing arguments on them. But learning need not 
take place in this way; indeed it cannot when a science is being learned and sys- 


Our Knowledge of Principles 257 


tematized for the first time. Thus epagdgé has a central role in getting scientific 
knowledge for the first time as well as in a context of teaching and learning. 


Nois 


The second question of II.19 is what state (héxis) comes to know the principles 
(99b18). APo II.19 100b5—17 identifies the state as nods. Traditionally, nofis was 
rendered ‘‘intuition’’ or ‘‘intuitive reason,’’ and was seen as a rationalist element 
in an otherwise empiricist account, a combination that provoked varying reac- 
tions.*5 Recent work has rejected the rationalist view of nods and seen the passage 
as telling a thoroughly empiricist story.*° In general I favor the empiricist line, 
although I find that that line of interpretation has been overstated. 

Most importantly, nodis is a state, and so is on a par with memory, experi- 
ence, and the state characterized by the universal at rest in the soul.*7 APo II.19 
100bsff. supplies a name to this state, already described as the arché of art and 
science. ** 

Arché does not here mean indemonstrable principles. They are the objects 
of nodis, to be sure. But in calling nods the arché of science Aristotle is asserting 
the priority of having noiis over possessing scientific knowledge. Roughly speak- 
ing, scientific knowledge depends on noiis: if you want to get it you first need 
nots, since the objects of nods are the principles of the propositions that are the 
objects of epistémé.*9 

APo I1.19 100bsff. argues that nods is the state that knows the principles. 
The passage pays excessive attention to terminology and lacks philosophical con- 
tent.9° It says nothing significant about nods but appears to pull the term out of a 
hat.9! It also contains some unjustified and unelucidated premises. Still, its point 
is clear: we cannot know principles the same way we know other facts, which we 
know as a result of proofs based on the principles. There is no proof of principles. 
If epistémé is demonstrative knowledge of conclusions of scientific proofs, un- 
demonstrated knowledge of principles must be something else. Aristotle gives 
reasons (the unjustified premises) to identify this knowledge as noiis. 

Are scientific principles the only objects of nofs, or can nots also appre- 
hend provable scientific facts? This query is prompted by the first part of II.19. 
We know universal connections before organizing them into a finished demon- 
strative science. We then have knowledge of the connections, although not de- 
monstrative knowledge. What would Aristotle call this knowledge? After orga- 
nizing the connections we will have demonstrative knowledge of some of them, 
but not of the principles. The grounds of our knowledge of the former will then 
be different from what it is now. But not so for the principles. As a result, Lesher 
argues in an oft-cited article,* if our knowledge of them after the science is or- 
ganized is nots, our knowledge of them before it is organized must also be noiis. 
But at that point our knowledge of them is no different in kind from our knowl- 
edge of the other facts. Accordingly, nods is simply the knowledge resulting from 
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induction. It follows that whereas we have nods of principles, we have both nods 
and epistémé of demonstrable connections. This view entails that our grasp of 
principles is perhaps weaker and certainly no stronger than our grasp of the con- 
clusions, a result contrary to Aristotle’s view (I.2 72a25ff.) that we have more 
confidence in principles than in conclusions based on them. 

The key to these issues is APo’s use of noein and ndésis. Lesher cites pas- 
sages where noein and néésis have objects that are not principles (most clearly 
1.31 88a4—7, a14-17, and I.34 89b11ff.).%3 1 have shown that in these chapters 
induction is the means by which we grasp or come to know the universal in par- 
ticulars. Aristotle uses gndrizein and related words for ‘“‘coming to know,’’ and 
noein and néésis for ‘‘grasp.’’9 Further, he distinguishes the stage of grasping 
universals (whether concepts or connections) from that of possessing demonstra- 
tively organized scientific knowledge. Since at the former of these stages we 
grasp by induction connections that turn out to be conclusions in the organized 
science, and also truths that turn out to be principles, we can speak of noein and 
néésis of both principles and conclusions. So far Lesher and I agree. 

We part company over nods. Not a single passage of APo is naturally or 
plausibly read as saying that there is nods of anything else than principles. To be 
sure, when nods is called the arché epistémés (1.33 88b36) and the unit of dem- 
onstration and scientific knowledge (1.23 85a1), Aristotle does not say that prin- 
ciples are its only objects. But without positive evidence it would be unwise to 
say they are not, as it would be for someone, on being told that horses have four 
legs and a tail, to say that he had heard nothing to disprove his theory that some 
horses have two legs and no tail. Unless nods and noésis are identical, there is no 
basis for the claim that there is noiis of both indemonstrable and demonstrable 
connections. The occurrences of the word in APo I (the two just mentioned and 
that in 1.33 89b8, which contributes nothing to the issue) do not suggest that nots 
has as objects anything other than principles. In APo II the word occurs only in 
Chapter 19, where again it is called the arché epistémés (100b15; cf. a8)%> and 
described as the state whose objects are principles (b12). 

Although noein and néésis apply more generally, the only objects of nos 
are principles. In support of this view we have not only the repeated insistence 
that this is the role of nods, but also II.19’s concern with precise terminology, 
which should make us wary of applying nods in places not specifically authorized 
by that discussion. Also it is not quite right to say that nods is identical with 
néésis qua restricted to principles. Ndésis is generally used in APo for the grasp 
of universals, the state corresponding to the stage of seeing individuals as indi- 
viduals of certain kinds. On the other hand, noiis is the state where we recognize 
principles as principles, which requires not only that we spot principles as uni- 
versals instantiated in individual cases, but that we understand other universals 
as dependent on them. Thus, identifying the arché epistémés as a separate and 
further level is a signal that nous, the grasp of principles, is a different, higher 
level than néésis, the grasp of universals. All the more reason to give it a different 
name and to call it by one of the names associated in the philosophical tradition 
with the highest kind of intellectual apprehension.%° 
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This is not to say that noiis is an infallible faculty. It is always true in the 
way epistémé is always true (100b6-8): if we have nods or epistémé of p, then 
necessarily p is true. But this does not mean that noiis and epistémé are self- 
advertising. It does not follow that we know when we have them, or that there is 
any way to be sure we really do have them. The evidence does not exclude a 
stronger interpretation, but I prefer this weaker one, which does not run afoul of 
the standard objections to an infallible faculty of intuition. I also prefer to read 
the description of nots as more precise (akribésteron) and truer (aléthésteron) 
than epistémé (100b8ff.) along the same lines.%” 

This way of distinguishing nods from ndésis avoids the need to hold that 
our grasp of principles is the same as our grasp of scientific facts before we or- 
ganize them. Nods is different from ndésis not because we have stronger grounds 
for knowing its objects but because we know them in a different way, the way 
appropriate to scientific principles. And noiis is better than ndésis because it is 
more difficult to attain and because it reflects our status as experts, in which the 
naturally most intelligible facts are most intelligible to us, so that we put more 
confidence in them than in the other facts of the science. 


Dialectic, Expertise, and the Principles 


APo II.19 identifies the intellectual states that constitute the path to knowledge of 
principles but says practically nothing of the process by which we go from one 
state to the next. From perception to memory, from memory to experience, from 
there to knowledge of universals, and from this to knowledge of principles as 
principles—each of these steps needs explanation. I have argued that Aristotle is 
not bound to provide such explanations, given the questions he asks and the way 
he interprets them. Since the first three steps are general problems of his psy- 
chology and epistemology and not peculiar to the theory of demonstrative sci- 
ence, I will say nothing more about them. However, the last step is intimately 
connected with the theory. Coming to know principles as principles requires dis- 
covering which facts are most intelligible and which facts follow from which, in 
short, organizing the facts into a demonstrative science. Since this business will 
be largely different in different sciences, it is not surprising that Aristotle fails to 
offer detailed instructions. It is clear to the expert astronomer that the planets’ 
nearness is more intelligible than their not twinkling, but it is not in general clear 
how to show that one fact is more intelligible than another. Aristotle might reply 
that it is a matter of coming to see things the right way, the way experts do. True, 
perhaps, but unhelpful. On the other hand, he does discuss some techniques of 
organization. 

Dialectic is mentioned only once in APo (1.11 77a29-35),® but what we 
are told about it is significant: (1) it is common to all sciences; (2) it has no 
determinate subject matter, no single subject genus; (3) it does not demonstrate, 
but asks questions.°° Further information on these and other features of dialectic 
is found in Topics and Sophistici Elenchi.'°° 1 will not take up the nature and 
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methods of dialectic except as needed to show its roles in demonstrative sciences. 
These are two, both related to discovering principles. First, dialectic examines 
received opinions (éndoxa) concerning the subject matter of sciences with a view 
to determining their truth or falsity. Second, it draws consequences of proposi- 
tions of a science, to put them into relation with one another as a preliminary step 
toward determining the principles (the final choice being reserved for the expert), 
and it tests the suitability of proposed principles. 

The use of dialectic to discover truth is not infrequently mentioned in Top- 
ics, although its role in debate is more prominent. Aristotle distinguishes the 
philosopher’s use of dialectic from the dialectician’s on the grounds that the for- 
mer investigates on his own and has no need for expertise in framing a strategy 
of questioning or putting questions to an opponent.'?! The point is simply that 
many debating techniques are useful in discovering the truth. They are not cheap 
tricks‘ but ways of testing for soundness, consistency, presuppositions, impli- 
cations, form, relevance, and so on, of propositions and arguments.'!°3 

A prominent passage identifies one of dialectic’s functions: 


Top. 1.2 101a36—b4 ‘“‘It is also useful with a view to the princi- 
ples of each science. For it is impossible to say anything about them 
on the basis of the proper starting points of the science in question, 
since the starting points are primary to everything, but it is neces- 
sary to base our account of these on the received opinions on each 
subject. And this is peculiar to or anyway most appropriate to dia- 
lectic; for since it is a technique of criticism, it contains the path to 
the principles of all disciplines.” 


This key statement needs filling out from other sources. First, the notion of re- 
ceived opinion.'°4 Dialectic uses premises that are received opinions, or as Aris- 
totle says, the views of all or most people or of the wise.'°5 In the case of a 
science, dialectic starts with received opinions on its subject matter and tests them 
by systematically exploring questions and problems they raise in order to deter- 
mine their truth or falsity. EN recommends and follows this method: 


EN VII.1 1145b2-7 ‘‘We must, as in all other cases, set the dif- 
ferent views before us and, after first discussing the difficulties, go 
on to prove, if possible, the truth of all the received opinions about 
these affections, or at least the greatest number and the most author- 
itative. For if the difficulties are solved and the received opinions 
are left standing, it will have been proved sufficiently.’’ 


This account appears to conflict with APo, for there it seemed as though we spot 
universals after observing enough individual cases, and here it seems as if we 
need dialectical investigation. Also, the starting point of the investigation appears 
different in the two accounts: perception of individual cases in APo, and received 
opinions in Topics and EN. But it is premature to write off Topics as superseded 
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by APo or irrelevant: the two accounts, far from conflicting, complement one 
another. 

The examination of received opinions is prominent in many Aristotelian 
works, but often the nature of the subject matter does not demand such careful 
treatment. When the nature of the subjects, attributes, and connections is obvious 
on inspection or clear through repeated observation, the APo account will suffice. 
But in many important cases it is not such clear sailing. When observed phenom- 
ena are interpreted differently, dialectic is needed to settle the disputes and deter- 
mine the truth. '°° 

A common feature of the APo and Topics accounts is that both are related 
to induction, which Topics declares to be one of the two principal kinds of dia- 
lectical reasoning (1.12), defining it as ‘‘the approach from the particulars to the 
universals,’’ and which APo calls the means by which we recognize universals 
on perceiving a number of particular instances. The two accounts can be seen as 
describing the same sort of thing—reaching the universal, which is done differ- 
ently in different cases. 

Finally, received opinions are digests and interpretations of observations. 
The fact that they can conflict and be incorrect reflects the possibility of incor- 
rectly interpreting what we perceive. Supplementing APo with the Topics account 
leaves less room to accuse Aristotle of too naive an empiricism. He recognizes 
that it is not always a straightforward matter to elicit the proper universals from 
observed particulars. This is true not only for common conceptions about a sub- 
ject and the opinions of the wise, but also for reports of perception. '°7 

So far, dialectic proves useful in reaching scientific truths by serving as a 
systematic method to analyze conflicting opinions resulting from observation. 
However, there is a further step in determining principles, namely, systematizing 
the truths once they have been recognized, seeing which truths follow from which 
and which truths are principles. In my view, dialectic is responsible for a great 
deal, though not all, of this work. 

The clearest statement of the procedure comes from APr: 


APr 1.30 46a3-30 ‘‘It is necessary to consider the attributes that 
belong to both [terms between which we want to prove a connec- 
tion] and to provide as many of these as possible, and to examine 
these by means of the three terms (the different figures of syllogism) 
identifying the ways in which they form valid arguments and the 
ways in which they form invalid ones. . . . We have spoken gener- 
ally of the principles of syllogisms . . . so that we only need to look 
to a smaller number of points and certain definite ones, and we must 
make our selection of premises concerning each particular 

thing. . . . Most of the premises in each subject are proper to the 
science, and so it is the function of experience to provide us with 
the principles of each. . . . And so, if the attributes belonging to 
each thing have been grasped, it is our job to reveal the demonstra- 
tions readily. For if nothing is omitted in the investigation of the at- 
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tributes that really belong to the things, we will be able to discover 
the demonstration of everything that can be proved and to prove it, 
and on the other hand we will be able to make clear where there is 
no demonstration. In general, it has been pretty well stated how to 
select the premises; but we have gone through it in detail in our trea- 
tise on dialectic.’ : 


This passage focuses on two separate activities: identifying facts and arranging 
them to form proofs. It emphasizes that both are found in every branch of knowl- 
edge and claims to have made the second more efficient by showing how to select 
from the whole number of scientific facts those that can be relevant to the con- 
nection to be proved. If we are looking for a proof of a universal affirmative 
connection (AaB), the syllogistic reveals that the proof must proceed by one or 
more syllogisms in Barbara, so that the only candidates we need consider for 
premises are other universal affirmative connections. If we have a list of all con- 
nections within the science, we can look for a C such that AaC and CaB are on 
that list. If we find such a C, we have the premises for a sound argument to the 
desired conclusion. This is what ‘‘selecting the premises’’ means. The method’s 
generality suggests that it belongs to dialectic, and the final sentence confirms 
that it is. Since the final words refer to virtually all of Topics,'°° APr I.30 is a 
general sketch of how to form proofs, with an appeal to Topics to fill in details. 
The importance of dialectic in science could hardly be more perspicuous. 

This seems right as far as it goes. But Aristotle realizes that a proof of AaB 
is not simply a sound argument with AaB as a conclusion. Even the passage being 
considered may refer to this point in asserting that experience’? provides the 
principles of each subject. Thus, he recognizes the need for a third activity, iden- 
tifying the principles, which takes place after the facts are recognized and before 
they are formed into proofs. If we have a complete list of connections in a science 
and if the principles have been identified, then the procedure to find proofs is 
more complex but more satisfactory. First look for a C such that AaC and CaB 
are connections and also principles. If such a C exists, we have a demonstration 
of AaB. If there is no such C, look for a D, such that AaD and DaB are connec- 
tions, and then follow a similar procedure to find proofs of AaD and DaB. Aris- 
totle calls this procedure ‘‘condensing the middle’’ (APo 1.14 79a30f., 1.23 
84b31ff.). It is not clear that he intends this more complex procedure in APr I.30, 
despite the mention of principles.''° 

On the other hand, it is significant that it is dialectic’s job to arrange facts 
into demonstrations. Topics goes farther. First and quite generally it tells us that 
dialectic is useful in discovering principles: they cannot be investigated on the 
basis of themselves, and so must be treated on the basis of received opinions, 
which is primarily the job of dialectic, ‘‘for since it is a technique of criticism, it 
contains the path to the principles of all disciplines’ (Top. 1.2 101a36—b4). 

Scientists correctly use the tools of dialectic to investigate principles. The 
techniques of demonstration are inapplicable,'": and dialectic is appropriate since 
it is critical.''* Like Socrates, it examines proposed principles by trying to refute 
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their claim to be principles. Moreover, it proceeds by asking questions.''3 Like 
Socrates, it puts proposed principles to the question, rather than proving that they 
are correct or incorrect. Since the questions should be answerable ‘‘yes’’ or 
“‘no,”’ scientists must propose principles for investigation. They may not ask 
“What is a human?”’ or ‘‘In how many ways is ‘the good’ used?’’ but ‘‘Is ‘the 
good’ used in this way or that?’’ or “‘Is a human a two footed animal?’’''4 If the 
answers are not apparent, they can be pursued by appropriate lines of questioning 
(tépoi) as identified and discussed in Topics. Scientists must ask and answer them 
and must therefore be aware of these considerations.''5 

Still, dialectic shows what kinds of questions to ask and how to examine 
the answers. The lines of questioning introduce relevant considerations, but do 
not determine either the actual questions or the answers. The considerations 
raised in Topics are useful in treating any science, but precisely because these 
considerations are general, dialecticians as such are not responsible for answering 
questions they ask within the scope of each science.''® Even more clearly, the 
dialectician is not responsible for the received opinions. These are the views of 
all or of the many or the wise.''7 Again, the scientist is in control of this technical 
information. Thus, in investigating principles, scientists propose a proposition as 
a possible principle, then use dialectical considerations to raise questions about it 
and test it, and finally supply answers from their specialized knowledge. 

We have seen how this approach works in investigating truth and falsity. It 
also bridges the gap discussed in APr I.30 between using dialectic to construct 
proofs and discovering principles. Recall the specimen arguments of APo I.13: 


SIA. Things that do not twinkle are near. 
S1B. The planets do not twinkle. 
S1C. Therefore, the planets are near. 


S2A. Things that are near do not twinkle. 
S2B. The planets are near. 
$2C. Therefore, the planets do not twinkle. 


These two syllogisms can be constructed out of four connections, since S1B = 
S2C and S1C = S2B. Accordingly, if S1A, S1B, S1C and S2A were all found 
among the truths of astronomy, the methods of APr 1.30 would license both syl- 
logisms. However, only the first is a demonstration. The premises of proofs are 
prior to, more intelligible than, and grounds of the conclusions, and these rela- 
tions are asymmetric. To construct proofs, therefore, we must be able not only to 
form valid syllogisms but also to identify which connections are prior to, more 
intelligible than, and grounds of others. Dialectic suffices for the former task, but 
the latter requires expert knowledge of the subject. 

By deploying dialectic alongside expert knowledge, scientists can system- 
atically identify candidates for proofs and determine the relative priority and in- 
telligibility of the connections the science treats. The primary and most intelligi- 
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ble connections will turn out to be premises in proofs of other connections, and 
themselves indemonstrable. These will be the principles. 

The foregoing discussion identified two roles for dialectic in demonstrative 
science. It is useful in determining facts insofar as they are not apparent from 
observation but require examination of received opinions. This function is asso- 
ciated with coming to grasp universals. Its second role has to do with organizing 
the science into a system of demonstrations based on indemonstrable principles. 
In this role it plays a part in the move to the highest level of apprehension dis- 
cussed in II.19. In both roles dialectic cooperates with technical knowledge. It 
constitutes a battery of techniques for criticizing, analyzing, and testing proposed 
truths and principles. These techniques can lead a candidate to be rejected, but 
passing the tests of dialectic is only a necessary, not a sufficient, condition for 
being a truth or a principle. In general, when dialectic leaves more than one 
candidate in the field, the technical expertise of the specialist in the science will 
determine the final choice. 

Aristotle says little about how specialists make this choice, which is no 
doubt one of the most difficult and controversial stages in organizing a science. 
The parts of APo devoted to the topic of advancing from knowledge of the fact 
(KF) to knowledge of the reason why (KRW) have a bearing on the present ques- 
tion. 

Recall that once we have KF we go on to seek KRW. This amounts to 
asking whether the fact can be proved, whether there are terms that can serve as 
middles in a demonstration of the fact, and next asking what the proof is, what 
the middle terms are.''® Although these questions do not require a special inves- 
tigation if the middle is obvious to perception (II.2 90a26—30), the distinction 
between KF and KRW holds nonetheless. 

_ To advance from KF to KRW we must grasp the fact in a relevant, nonin- 
cidental way. We must know ‘‘something of the thing itself’’ (II.8 93a22) or 
“‘something of its essence’’ (a29), which gives a starting point in investigating 
the middle. To judge by the examples in II.8 and the account in II.10, in inves- 
tigating a subject-attribute relation, we must know it as a relation between that 
subject and that attribute (we must know that thunder is a certain noise [attribute] 
in clouds [subject]). We then proceed to look for a middle term that satisfies both 
formal criteria and criteria of priority, explanatoriness, and intelligibility. The 
techniques of dialectic determine whether a candidate satisfies the formal criteria. 

But formal criteria may fail to decide. Three formally acceptable candidates 
for the explanatory middle term of lunar eclipse are screening (of the earth), turn- 
ing (of the moon), and quenching (II.8 93b5-6). Of these, we are simply told 
that the middle is the ‘‘account’’ of the major term, ‘‘for eclipse is screening by 
the earth’’ (b6—7). I have argued that ‘‘account’’ means no more than grounds in 
the sense appropriate to scientific proofs, and that Aristotle is wrong to think that 
the middle is the grounds of the major since ‘‘eclipse’’ is not the major but the 
name for the connection between the minor (‘‘moon’’) and what is actually the 
major (‘‘a certain loss of light’’).''9 Still, Aristotle’s point is that to locate a mid- 
dle we must identify candidates and select the one that is the grounds. It is left to 
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the scientist to locate candidates that satisfy the formal criteria and to investigate 
which is the middle. This is the place for scientific research, and APo says pre- 
cisely nothing about it. 

Suppose we decide that screening by the earth is the middle that accounts 
for eclipse. We next examine the relations between subject and middle and be- 
tween middle and attribute to see whether either can be further accounted for. 
The way this requirement is stated (b12—14) suggests that terms that can account 
for one or the other of these relations are candidates rejected in the former inves- 
tigation. None of the candidates in the example will serve, but we can imagine 
how it might work. Suppose that we are considering the relation A—D and that 
of the formally satisfactory candidates B, C, X, and Y for the middle, we choose 
C, so that the argument goes 


A—C—D. 

eee 
We then ask whether A—C or C—D can be explained. Suppose we find that B 
and X are formally satisfactory middles of A—C, but Y is not, and of the two, 
suppose B is the grounds of A—C. Then we have 


A—B—C—D. 
a 


We continue this process until there are no further explanations. Then we have a 
proof of the original subject-attribute relation and the indemonstrable principles 
on which it is based. 

APo J.13’s treatment of candidates for proofs of the planets’ nontwinkling 
and their nearness agrees. It too stresses that proofs proceed via middle terms that 
are grounds of their conclusions. The example is distinctive in showing how the 
conclusion of an argument may be an indemonstrable principle, so that special 
care is needed to ensure that we have a proof, not an argument that goes in the 
wrong direction. In constructing a proof, we must locate the grounds of the con- 
clusion, in fact the primary grounds (78b3—4): the premises must be immediate, 
and so must have no further grounds. It seems unproblematic for Aristotle that 
the planets’ nearness is the grounds of their not twinkling and not vice versa, so 
he may think that if more than one candidate is formally acceptable, it will be 
obvious which is the grounds of which. In some cases, no doubt, it will be obvi- 
ous. In others, research will settle the issue. But there may be cases where it is 
not clear which of two or more true propositions each derivable from the others 
is the grounds of which. 

Aristotle’s advice not to assume that the better known is the grounds recalls 
the distinction between better known to us and better known in nature. What is 
better known in nature is always the grounds and what is better known to us never 
is. But since people can make what is better known in nature better known to 
themselves,'?° the advice can be directed neither to experts, for whom what is 
better known in nature and what is better known to them coincide, nor to novices, 
for whom they are antithetical, but to those in between. For such people some- 
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times they coincide, but sometimes they do not, and a warning not to trust intui- 
tions about what is better known is appropriate. Aristotle urges such people to be 
sure that what they choose as middles actually are the grounds of the conclusions. 
Admittedly, his criteria for determining which of two facts is better known in 
nature do not succeed.'?' Still, this does not mean that there are no adequate 
criteria, and without proof that there are none, that the conception of a natural 
order of priority, intelligibility, and explanation is inapplicable, Aristotle can rea- 
sonably follow his instincts (his belief that nearness can explain nontwinkling and 
not vice versa) and base his theory of science and scientific explanation on that 
conception, so that identifying workable criteria remains a problem for investi- 
gation. 

In looking for unexplainable facts we are looking for principles, which are 
true, primary, immediate, more intelligible than, prior to, and grounds of the 
other facts in the science. The final three conditions are the key to identifying 
them. The procedure indicated in II.8 yields a relative ordering: A—C and C—D 
are prior to, more intelligible than, and grounds of A—D, and A—B and B—C 
are of A—C. Going through the procedure for all the facts of the science will give 
us demonstrations of all the provable facts. The remainder are principles, which, 
being indemonstrable, are primary, ungrounded, and most intelligible. 

Success in identifying principles will depend on expertise in a subject and 
on facility with the techniques of dialectic. The arrangement of facts one gener- 
ation or school finds best may be rejected by another. Aristotle’s view of scientific 
principles and how they are grasped leaves room for progress and for disagree- 
ment. It even allows different arrangements of a subject matter to be equally good 
from the point of view of logic, though it does not allow for more than one to be 
correct. Sciences can be arranged into deductive systems, Aristotle holds, and in 
them certain truths are primary and more intelligible than the rest. As our exper- 
tise increases, we are better able to recognize these principles. But expertise de- 
pends on observation, and since at a given time the relevant facts may not all be 
in, we can only hope to organize the material at hand in as satisfactory a way as 
possible. In general, it will be exceedingly uncommon that experts in a field will 
agree that they have all the relevant information. (Even if they agree, they may 
be wrong.) Accordingly, it is safest to admit that one’s body of facts may be 
incomplete, and safest to admit that one’s principles may someday be replaced 
by more ultimate truths. 

Aristotle unsurprisingly says little on this topic,'?? since he is mainly con- 
cerned with achieved sciences. He supposes that the facts are in and have been 
organized, so that the principles are identified and the proofs constructed, and he 
describes such a system. It is not his purpose to discuss problems in setting up 
such a system, and perhaps they could not be described in much detail. The in- 
terest would reside in particular cases. In fact, his theoretical works consider 
theories of his predecessors (the experts of their day) and criticize the principles 
they proposed. Whether he believed that the principles he proposed himself might 
one day be shown to fail is best considered in another context. But the answer 
has no bearing on the present discussion. 
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The Kinds of Principles 


A central concern of this study has dropped out of sight in the present chapter— 
whether the methods described for reaching principles yield the types of princi- 
ples identified in APo: axioms, definitions, and existence claims. In view of ear- 
lier discussion, I will concentrate on definitions and address the others here only 
briefly. Axioms or common principles may well turn out to be unprovable facts 
in the province of an appropriately general science:'3 first philosophy for axioms 
like the law of noncontradiction, and the general science of quantity for axioms 
like EQUALS. Primitive existence claims may be determinable in the way dis- 
cussed above. Some existence claims will be needed to introduce the basic sub- 
jects used to prove the existence of others, and the expert will decide, after ex- 
amining candidate existence proofs produced according to the method of APr 
1.30, which existence claims are prior to others and which are primary. The prin- 
cipal difficulty is whether the primary, immediate (nonexistential) connections 
identified as principles turn out to be definitions or parts of definitions. (By ‘‘part 
of a definition’ I mean this: if A is defined to be BC [or BC . . . NJ, then ‘‘All 
A’s are B’’ and ‘‘All A’s are C’’ are parts of the definition of A.) 

Again the best hope of a solution to this problem is II.8’s procedure for 
discovering immediate connections. Suppose this procedure has been carried out 
completely, so that we know which connections are immediate and which are 
not. For any subject S in a science’s subject genus, a number of attributes A,, A,, 
.. . A, are immediately related to S$. The obvious suggestion is to call ‘‘S is A, 
&A,&...&A,’’ the definition of S.A,,A,,.. .A, are the essential attributes 
of 5;'*4 the other attributes follow from these (together with other principles). 
There is no guarantee that ‘‘S is A, & A, &... & A,” is a definition by genus 
plus differentia, but it is a ‘‘fat definition.’’'*5 A similar account holds for defi- 
nitions of attributes. Recall that immediate connections go in two directions, so 
that A can be an element in B’s fat definition and vice versa.'*° Thus the doctrine 
of fat definitions allows for a simple solution. The method for locating the im- 
mediate facts does yield definitional connections of subjects and attributes, and 
these can simply be collected and formed (by logical conjunction) into scientific 
definitions. 

The preceding account must be defended against the charge of begging the 
question. APo II.8’s procedure for finding grounds for a demonstrable connection 
presupposes that we know that the connection holds (93a26-27). Further, Aris- 
totle believes that analogous claims hold regarding subjects: we must know a 
subject exists before investigating its essence (II.1-2). But if we do not know 
what the subject is, that is, what its essence is, how can we know that it exists? 
If we know that something exists, how do we know that it is the subject in ques- 
tion? 

These questions can be answered in a way Aristotle would find congenial. 
I shall answer by describing how to set up a demonstrative science. The extent to 
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which the description is plausible will reflect the plausibility of the enterprise of 
organizing bodies of knowledge in demonstrative form. 


Assembling a Science 


By the time we are in a position to think of constituting a discipline as a demon- 
strative science, we must have a certain amount of factual knowledge about a set 
of entities (subjects), and some reason for treating these entities and facts to- 
gether. For instance they may all have to do with numerical properties or celestial 
objects. We must have a workable if tentative idea of what the entities and phe- 
nomena are. We are prepared to admit more phenomena and entities and revise 
our understanding of the ones of which we are already aware. We may even 
jettison some of the entities and phenomena, either because further investigation 
reveals them to be spurious, or because as we systematize our knowledge they 
prove unrelated to the rest. We next marshal the facts systematically, arranging 
the subjects into genera and species and establishing which attributes belong to 
which subjects. We are now able to form application arguments. An attribute 
belonging to a genus also belongs to all the species of the genus, and does so 
because it belongs to the genus. '?7 

Our goal in organizing knowledge is to account for as many facts as possi- 
ble by showing them to be grounded in other facts. In effect we ask why each 
fact holds and we look among the other facts for possible explanations. We use 
the dialectical tools described in APr I.30 to find candidates that satisfy formal 
requirements. If there is more than one candidate, we eliminate those that do not 
explain the fact at hand. If no other known fact explains it, we must regard it 
(tentatively) as basic. If we do find other facts that account for it, we then ask 
whether there are explanations of these other facts, and continue until we reach 
facts we cannot explain further. 

The same holds for entities. We begin with a more or less accurate idea of 
what a given subject or attribute is. At the least we know how to identify it rea- 
sonably well. We then ask why it has these identifying attributes and try to ac- 
count for them in the way described. Some may prove to be consequences of 
others, or of facts about the entity not initially used to identify it. Further, some 
of the initial identifying attributes may be found either not to hold or to hold 
accidentally (e.g., that the sun is the largest celestial object). In these ways we 
determine the entity’s scientific essence. We also ask why each entity exists and 
try to account for its existence by showing that its existence follows from and is 
grounded in that of others. We do the same for the others until we reach the basic 
entities on whose existence that of all the rest depends. 

We can now organize the material into a first approximation of a demon- 
strative science. For each subject and attribute we gather the unprovable connec- 
tions and constitute the scientific essence. We identify common principles that 
are used in the proofs of our science but apply more widely. We identify the 
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primitive subjects and posit their existence. We now have a set of principles that 
we cannot prove and from which we can derive the remaining facts. 

This is a first approximation of a demonstrative science because although it 
is in demonstrative form, it is not yet clear that the arguments are demonstrations. 
Even assuming that the arguments are valid, that all the propositions are true, and 
that the premises are naturally prior to (and more intelligible than) the conclu- 
sions, it is still not clear that the premises are immediate. Although our current 
state of knowledge does not let us prove any of them, further research may pro- 
duce facts that explain those now thought immediate. It follows that we should 
keep asking why even after our material is in demonstrative form. In fact, it is 
always appropriate to ask why, since further investigation (research) may always 
yield further facts, of which some may be provable and others not. We are never 
in a position to know that we have reached unprovable facts or found all provable 
facts, and therefore never in a position to know that we have a finished demon- 
strative science. 


Research and the Good Life 


APo says little about the need for continuing research and the impossibility of 
reaching the position of knowing that you have scientific knowledge. He sketches 
the nature of a finished demonstrative science, and the picture he offers us has as 
much value as an ideal toward which to direct one’s efforts as it would have if 
fully organized demonstrative sciences were easy to achieve. Also, the concept 
of experts, for whom what is most intelligible in nature is most intelligible to 
them, has value as an ideal even if it means that we can never know whether we, 
or others, are experts. 

Ideals characteristically provide patterns for life. The ideal of expert knowl- 
edge demands a life spent looking for more facts and better explanations. Only 
so is there hope of becoming an expert. It is no more than hinted in APo that like 
a Socratic quest for knowledge these mutually dependent activities have no end. 
On the other hand, we may suppose that Aristotle’s own scientific research taught 
him the need for a lifelong quest for knowledge. Also pertinent is the contrast 
between intelligibility to us and in nature. Aristotle recognizes how hard it is to 
come to know what is most intelligible in nature, the first principles, which are 
grounds for everything else. In introducing the study of metaphysics he makes 
some observations that apply to demonstrative sciences in general:'?8 


Met. A.2 982a21-b4, b28-983a5 ‘‘Now of these characteristics, 
that of knowing all things must belong to him who has in the highest 
degree universal knowledge; for he knows in a sense all the in- 
stances that fall under the universal. And these things, the most uni- 
versal, are on the whole the hardest for men to know; for they are 
farthest from the senses. And the most exact of the sciences are 
those which deal with first principles. . . . But the science which in- 
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vestigates causes is also instructive, in a higher degree, for the peo- 
ple who instruct us are those who tell the causes of each thing. And 
understanding and knowledge pursued for their own sake are found 
most in the knowledge of that which is most knowable . . . and the 
first principles and causes are most knowable; for by reason of 
these, and from these, all other things come to be known, and not 
these by means of things subordinate to them. . . . Hence also the 
possession of it might be justly regarded as beyond human power; 
for in many ways human nature is in bondage, so that according to 
Simonides ‘God alone can have this privilege,’ and it is unfitting 
that man should not be content to seek the knowledge that is suited 
to him. . . . But the divine power cannot be jealous . . . nor should 
any other science be thought more honorable than one of this sort. 
For the most divine science is also most honorable.’ (Trans. Ross) 


The knowledge that is divine is universal knowledge of first principles and 
causes. Since these matters are remote from what is familiar to the senses, knowl- 
edge of them is hardest to acquire. But that knowledge is the most honorable and 
insofar as we can, we must bend our efforts toward acquiring it. 

EN acknowledges the difficulty of reaching scientific knowledge. APo’s 
distinction between scientific knowledge (epistémé) and noiis recurs in EN VI.3 
and V1.6, and in EN VI.7 the state of the scientist, which combines nods and 
epistémé, is called sophia, ‘‘wisdom.’’ The final chapters of the work ask what 
the best life is for a human being and offer a barrage of reasons in favor of a life 
dedicated to wisdom. In fact, they tend to speak of a life devoted to theoretical 
wisdom (thedria),'*9 which is the characteristic activity of the wise person (so- 
phés).'3° Occasionally Aristotle identifies life in accordance with nods as the 
most fortunate life (X.7 1178a6—8), but he draws no distinctions between this life 
and that of wisdom and theoretical wisdom. 

What are the activities of such a life? Not actions (prdxeis), which are the 
province of practical wisdom (phrénésis), but theoretical activity. When theoria 
and theorétikos bios are translated ‘‘contemplation’’ and ‘contemplative life,’’ 
Aristotle’s ideal life seems not to be a life of research and discovery, but one of 
reflecting on knowledge we have. But the contrast of theoretical with practical 
and productive wisdom is made in terms of their results. Productive knowledge 
aims at ‘‘contriving and considering how something may come into being’ (EN 
V1.4 1140a10—12, trans. Ross); practical knowledge has action as its end (Met. 
@.1 993b21); and theoretical knowledge has truth (Met. a.1 993b20-21; EN VI.2 
1139a27-—29). It is best to reach the truth, to attain wisdom, since ‘‘those who 
know will pass their time more pleasantly than those who inquire’? (EN X.7 
1177a26-27, trans. Ross). But if we have not reached the divine state of certainty 
about principles and proofs, the best thing is to aim for it as a goal, to attempt to 
discover the truth and the real grounds of things. Only by pursuing this knowl- 
edge can we approach the ideal. Speaking of the divine state of achieved wisdom, 
Aristotle eloquently calls for people to devote themselves to its pursuit: 
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EN X.7 1177b26-1178a2 ‘‘But such a life would be too high for 
a man; for it is not insofar as he is man that he will live so, but inso- 
far as something divine is present in him. . . . If reason (noiis) is 
divine, then, in comparison with man, the life according to it is di- 
vine in comparison with human life. But we must not follow those 
who advise us, being men, to think of human things, and, being 
mortal, of mortal things, but must, so far as we can, make ourselves 
immortal, and strain every nerve to live in accordance with the best 
thing in us; for even if it be small in bulk, much more does it in 
power and worth surpass everything.’’ (Trans. Ross) 
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NOTES 


CHAPTER I 


1. I shall restrict myself to the Presocratic ‘‘scientific’’ tradition, which (whatever 
unity it has and whether or not it is correctly isolated from the Hippocratic medical tradi- 
tion) Aristotle viewed as his earliest Greek scientific heritage. Some early Hippocratic 
treatises, notably Ancient Medicine, would be worth pursuing in connection with the issues 
I shall be treating. The picture presented in this chapter would doubtless be more complex 
if Hippocratic material were brought in. On this general topic, see G. Lloyd 1979, chaps. 
I, 3, and G. Lloyd 1978, pp. 37-51. 

2. DK frag. 1, trans. Guthrie. 

3. DK frag. 17, lines 6-8. 

4. DK frags. 26, 25, trans. Guthrie. 

5. From DK frag. 12, trans. Guthrie. 

6. Interest in the cosmos occupies different places in the thought of different Pre- 
socratics. It is a main interest of Anaximander and Democritus, but subordinate to meta- 
physical issues for Parmenides and probably to religious concerns for Empedocles and the 
Pythagoreans. Yet despite their disparate interests all found it important to speculate about 
natural phenomena. 

7. DK frag. 100. 

8. DK 21A33. 

9g. Kuhn 1970, pp. 18f., 37. 

10. Guthrie 1971-81, 1:51. 

11. This is a possible but not a necessary implication of D.L. IX.18. Cf. Guthrie 
1971-81, 1:364. 

12. For their low reputation, see DK 28A16, 28A18. 

13. My comment pertains to both of the somewhat different versions in Aristotle, 
De MXG, chaps. 5-6, and Sextus Empiricus, Adversus Mathematicos VI1.65-87. 

14. For estimates of Empedocles’ verses see DK 31A21—27. The Romans thought 
them fine poetry; the Greeks, mere verse. 
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15. Burkert 1972. 

16. However, see below, p. 18. 

17. The catalog was made by Thrasyllus and is preserved in D.L. IX.46—49. 

18, DG, 13s. 

19. G. Lloyd 1979, pp. 88-98, shows that public lectures and debates were com- 
mon in medicine and on scientific topics related to medicine. He supposes that the same 
holds for all sciences. The following material documents this thesis for the Presocratics. 

20. I do not hesitate to speak of the Eleatics because the circumstances that affected 
how they presented their works were the same as those that affected scientists. I doubt the 
public would have regarded a presentation of Parmenides as different in kind from one 
made by a scientist. 

21. Here I accept Plato’s remarks (Parmenides 128c—d) on the purpose of Zeno’s 
book, with, e.g., Guthrie 1971-81, 2:88. 

22. Plato, Parmenides 128d-e. 

23. Ibid., 127c-d. 

24. Plutarch, Pericles 4. 

25. Aristotle frag. 65 Rose (taken from D.L. VIII.57). 

26. Plutarch, Pericles 4. 

27. DK 29AI15. 

28. Athenaeus, Deipnosophistae XIV. 620d; D.L. VIII.66. 

29. Cf., e.g., Plato, Hippias Major 285c. 

30. Plato, Hippias Minor 363d. 

31. We may doubt the details of the story about Herodotus, but I find the general 
picture plausible. 

32. D.L. Il.10 (same as DK 59A1); also Pliny, Natural History 11.149 (same as 
DK 59A1I1), and Plutarch, Lysander 12 (same as DK 59A12). 

33. Philostratus, Vita Apollonii 1.2 (same as DK 59A6); D.L. Il.10 (same as DK 
59AI). 

34. Aelian, Varia Historia X.7 (same as DK 41AQ). 

35. Plato, Hippias Minor 368b. 

36. Plato, Phaedrus 2704. 

37. Despite Lysias’s assertion that one of Heracles’ purposes in instituting the 
Olympic festival was an exhibition of wisdom, there is no evidence of formal artistic or 
intellectual contests. See Drees 1968, p. 62. 

38. Plato, Phaedrus 2704. 

39. Trans. Guthrie 1971-81, 2:68. 

40. Cf. Porphyry, Vita Pythagorae 18-19 (same as DK 14A8a), and the story of 
the ascendancy of Pythagoras and his followers in Croton. 

41. See DK frags. 1, 34, 50. 

42. As Lloyd has argued (G. Lloyd 1979, pp. 97f.). 

43. Kuhn 1970, pp. 177f., 181. 

44. This passage and the following come from Kuhn 1970, pp. 13-17. 

45. This paragraph is based on Kuhn 1970, pp. 18ff., 36ff., 163f. 

46. As recounted by Simplicius, who quotes Eudemus extensively (/n Phys. 
60.22-68.32 Diels). 

47. Heath 1921, 1:202; cf. ibid., p. 328. 

48. Heath 1921, 1:201. 

49. Eudemus, taken from Proclus, Comm. 66.7-8. 

50. G. Lloyd 1979, p. 112. 
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51. Heath 1921, 1:90; cf. ibid., pp. 215f. 

52. Szabé has argued at length for this thesis (Szab6 1969 and 1978; also previous 
articles). 

53. The quotations and other information in this paragraph come from Proclus, 
Comm. pp. 66-67. 

54. In general, see Heath 1921, 1:202ff., 316-53. 

55. Aristotle discusses, for example, dlogon, kéklasthai, and netiein (APo 1.10 
76b9). 

56. Recall in this connection Proclus’s interpretation of the word ‘‘elements,”’ ac- 
cording to which the elements are those theorems an understanding of which leads to 
knowledge of the rest. Proclus, Comm. 71.24-72.13; also Aristotle, Met. A.3 1014a35— 
b3. 

57. Heath 1921, 1:321. 

58. This distinction must have been an ancient one in the crafts, including medi- 
cine. 

59. Protagoras, frag. 7; cf. Plato, Protagoras 318d-e. 

60. Plato, Republic VII.530-31. 

61. APol.7, 9, 13. 

62. This work, which appears in the corpus of Euclid’s writings, is more likely to 
be based on a work of Euclid’s than actually by him: Heath 1921, 1:444f. 

63. Plato, Republic VII.529-30. 

64. APo 1.7, 9, 13. 

65. Ibid. 

66. For a discussion of these disciplines and their relation to pure mathematics, see 
McKirahan 1978. 

67. The proof is set out and discussed in McKirahan 1978. 

68. Esp. Solmsen 1975. 


CHAPTER II 


1. See Stewart 1892, 1:1—3, for discussion of this kind of opening sentence. 

2. For argument by example see APr II.24, and for enthymeme, see APr II.27. 
Recall also APr Il.23 68b13—14: ‘‘For all beliefs are based on either deduction or induc- 
tion.”’ 

3. For translation of this passage, see Chapter 3 below. 

4. This passage is translated and discussed in the section ‘‘Applications to Individ- 
uals’’ in Chapter 14 below. 

5. Burnyeat 1981, p. 105, translates epistémé as ‘‘understanding,’’ but allows (p. 
108) that ‘English could supply alternative ways of registering Aristotle’s contrast be- 
tween epistasthai and gigndskein .. . : for instance, suitably introduced and circum- 
scribed, a contrast between a richer and a more ordinary concept of knowledge, for the 
first of which the label ‘scientific knowledge’ might do after all.”’ 

6. Barnes, p. 97. 

7. This issue is discussed in the section ‘‘Grounds of Truth or Grounds of Know]- 
edge?’’ in Chapter 17 below. 

8. ‘Without qualification [haplés]’’ (71b9) is perhaps a signal of this. 

9. Aristotle uses other words having to do with knowledge in APo, notably the 
verbs eidénai (‘‘know’’), gigndskein [also gindskein] (‘‘know,”’ ‘‘be aware of’’), gnort- 
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zein (‘‘become familiar with,’’ ‘‘come to know,’’ ‘‘recognize’’), xuniénai (‘‘under- 
stand’’), and noein (‘‘grasp’’), the nouns gndsis (‘‘knowledge’’), nots, and ndésis 
(‘‘grasp’’—discussed in the section ‘‘Nof@s’’ in Chapter 18 below), and the adjective 
gnorimos (‘‘intelligible’’)—discussed in the section ‘‘Grasping the Universals”’ in Chap- 
ter 18 below). Barnes, who chooses different words to translate many of these terms, 
discusses Aristotle’s use of these and other words on p. 90. I think that epistémé, epistas- 
thai, noein, nots, and ndésis are the only words given special senses in APo, and I am 
inclined to think that Aristotle succeeds in using them consistently in these senses. Al- 
though it may be true that eidénai is sometimes tacitly used as a synonym for epistasthai, 
in some places at least it contrasts implicitly with epistasthai (e.g., Il.1 89b23-35). 

10. Ross, p. 507. 

11. Aristotle uses gindskein here instead of epfstasthai to avoid circularity. 

12. Grammatically, ‘‘that this cannot be other than it is’ may depend on either 
“‘we think’’ or ‘‘we think we know.”’ For a defense of the second interpretation, which I 
adopt, see Barnes, p. 97; also cf. 1.33 89a6-8. 

13. It will also turn out that A knows the grounds of x’s being necessarily true. See 
1.6 74b26—32, translated and discussed at the beginning of Chapter 7 below. 

14. See below, Chapters 7, 17. 

15. He puts off the question whether there is another way. The answer is at first 
affirmative—there is scientific knowledge of immediate, indemonstrable principles (1.3 
72b18—24)—but his authoritative account (II. 19) distinguishes between demonstrated sci- 
entific knowledge (epistémé) and undemonstrated knowledge of principles (noéis), thus 
affording a negative answer. 

16. Cf. 1.3 72b18—22 (translated and discussed later in this chapter), where Aris- 
totle rebuts opponents of demonstrated scientific knowledge (cf. 72b5—6) simply by de- 
nying without argument one of their claims. 

17. Or ‘‘more intelligible than.’’ The interpretation will be discussed in the sec- 
tions ‘‘Principles Are Better Known, Prior, and Grounds’’ later in the present chapter and 
‘*Priority of What Is Better Known’’ in Chapter 17 below. 

18. Aristotle recognizes this at I.10 76b10. 

19. Mure’s translation, ‘‘the premises of demonstrated knowledge must be true, 
etc.,”’ is wrong. 

20. The Greek is ek. 

21. The Greek avoids using a noun for ‘‘things’’ by employing the neuter plural. 

22. The word appears at 71b23, but is not defined until 7245-7. 

23. His caution is perhaps even irritating; cf. Barnes, p. 98. 

24. Barnes, p. 99. 

25. The Greek would presumably be émmesos—cf. Philoponus, In APo 47.15 
(Wallies)—but the word is not Aristotelian. 

26. This interpretation of ‘‘immediate’’ differs from that of Barnes (p. 99) in re- 
quiring that what is lacking is a term that would be the middle term in a proof of the 
immediate proposition, rather than merely a syllogism that has the immediate proposition 
as a conclusion. 

27. On the other hand, contra Barnes, I would note that prétasis is sometimes 
correctly translated as ‘‘premise’’—e.g., in APr 1.25, where the protdseis of a syllogism 
are contrasted with its conclusion (sumpérasma). 

28. APo I.2 71b26—29 has ‘‘indemonstrable’’ rather than ‘‘immediate.’’ For the 
equivalence (in Aristotle’s syllogistic logic) of these terms, see the discussion of 71b26— 
29 earlier in the present chapter. 
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29. ‘‘Appropriate’’ (oikefai) principles are not the same as ‘‘proper’’ (fdiai) prin- 
ciples. The common principles used in the proofs of a science are appropriate to that 
science, or to the proofs in which they are used and to the conclusions of those proofs, 
even though they are appropriate to other sciences as well. 

30. The alternative translation ‘‘a principle is an immediate premise of a demon- 
stration’’ makes this point just as well. 

31. These arguments are presented clearly and discussed by Barnes, pp. 106-8. 

32. The assumption is not made just by the first position, as Barnes states (p. 108). 

33. See Ross 1949, Index Verborum, s.v. Ggutoudc. 

34. This is presumably Ross’s intention, but it requires an unusual meaning of 
horoi. 

35. Barnes, p. 109 with references. 

36. See Barnes, pp. 109-12, for analysis. 

37. Cf. APr II.2 53b7-8, br1-15. 

38. Cf. APr II.2 53b26-I1.4 57b17. 

39. For a different interpretation see Barnes, pp. 98-99. 

40. Recall Socrates’ complaint in Phaedo 97-99, esp. 99a-b. 

41. Cf. Owen 1986d. 

42. See the section ‘‘Priority of What Is Better Known’’ in Chapter 17 below. 

43. Barnes’s ‘‘more familiar,’ while acceptable for what is gndrimdteron to us, 
sounds intolerable to my ears for what is gndriméteron in nature. 

44. Cf. Top. V1.4 141b9-14. 

45. It is characteristic of Aristotle to refer to the principles not relatively (‘‘better 
known to the expert’’) but absolutely (‘‘better known in nature or without qualification’’) 
(cf. Top. VI.4 142a9—-11). See Evans 1977, chap. 3, esp. pp. 68-73. 

46. He speaks this way in other places too, esp. 1.24. 

47. Ross’s attempt to explain this away (pp. 54f.) is weak. 

48. Aristotle does not use epistasthai here, merely gindskein. 

49. Any other view would run afoul of I.1 71a1, a6, where did progindskoménon 
is equivalent to ek prohuparchotisés gnéseds. Cf. also 71a11, a12 (prohupolambdnein). 

50. See below, Chapter 17, esp. the section ‘‘Aristotelian explanations and the 
Deductive-Nomological Theory.”’ 

51. Cf. Il.19 99b20-21. 

52. These kinds of priority are worth comparing with the varieties of priority dis- 
cussed in Cat. 12. 

53. The same problem arises for the view that nods is more true (aléthésteros) than 
epistémé (II.19 100b1 1-12). 

54. Strycker (1968 and 1969) discusses Aristotle’s use of mdllon in other texts and 
says that it can mean ‘‘more”’ or ‘‘rather,’’ neither of which suits the present passages. 

55. See Barnes, pp. 104-6, for analysis of Aristotle’s arguments. 


CHAPTER Ill 


1. Widely differing accounts of the principles can be reached depending on what 
passages are taken as basic. The literature is vast. In addition to Ross and Barnes, see also 
Frede 1974, Fritz 1955, Gomez-Lobo 1976-77 and 1978, Heath 1949, Hintikka 1972 and 
1974, Landor 1981, H. Lee 1935, Mignucci 1975, Mueller forthcoming, Upton 1985. 
Space limitations compel me to be very sparing with discussion of this secondary material. 
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. This kind of proof is discussed below in Chapter 15. 
. Cf. Met. T.3 1005§a20: ‘‘the things called axioms in mathematics.’’ 
. See the section ‘‘The Composition of the Subject Genus’’ in Chapter 4 below. 

5. Those wanting to take ‘‘principles’’ in its normal meaning of ‘‘indemonstrable 
premises of demonstrations’’ wil be inclined to take oti ésti (76a31, a33) in the veridical 
sense: ‘‘that they are the case.’ 

6. See I.1 71a11—17, translated and discussed in Chapter 3 below, and I.28 87a38-— 
39, translated and discussed in Chapter 4 below. 

7. De Int. 6.17a32-33. 

8. Bonitz (s.v. otov) also gives both meanings for the expression hofon légé. He 
cites APo I.13 97b15 and De Sensu 7 448a23 (a misprint for 448b23) in support of ‘‘e 
and (in addition to the present passage) APo II.13 97b5 in support of ‘‘i.e.’” But 97b5 does 
not contain the expression. (Is this a misprint for 97b15, where the expression clearly 
means ‘‘e.g.’’?) And since the present passage is disputed, the only parallels favor ‘‘e.g.”” 
I do not regard this evidence as conclusive, however. The fact that hofon frequently means 
‘*i.e.’’ in Aristotle is adequate warrant for supposing that it could have that force in the 
expression hoion lég6. 

9. This matter is discussed further in Chapter 9 below. 

1o. Cf. I1.7 92b8-11. 

11. This account should be welcome to Barnes (p. 136), who sees that this inter- 
pretation is needed, but is unable to justify it. His interpretation of 76b24 as ‘‘necessarily 
seems to be the case”’ instead of ‘‘necessarily seems to be because of itself’’ forces him 
to see Aristotle as referring to axioms, not principles in general. 

12. Barnes 1975b, p. 77. See below, pp. 231-34. 

13. See my discussion in the section ‘‘Principles Are Better Known, Prior, and 
Grounds’’ in Chapter 2 above. 

14. Cf. 1.3 72b24, translated and discussed in the section ‘‘Principles are Primary 
and Immediate’ in Chapter 2 above. 

15. Contra Barnes, p. 137, who acknowledges reasons for saying that they are 
different and yet says that they are the same. 

16. Cf. H. Lee 1935, p. 116 n. 2, and Heath 1949, pp. 55-56. 

17. See the sections ‘Geometrical Diagrams’’ and ‘‘Existence vs. Constructibil- 
ity’’ in Chapter 12 below. 

18. See my discussion of I. 10 76a3 1-36 earlier in the present chapter. 

19. See my discussion of I.32 88b23 in Chapter 4 below. 

20. The question whether each axiom must be used in every science will be taken 
up at the beginning of Chapter 6 below. 

21. The subordinate sciences, which form an important exception to this rule, will 
be treated below in Chapter 5. 


WN 


CHAPTER IV 


1. Cf. peri hé (1.10 76b22). 

2. I use the word ‘‘things’’ loosely, to cover things as diverse as the objects of 
mathematical and of natural sciences. For Aristotle, all of these ‘‘things’’ are reducible to 
concrete particular substances that become the subjects of different sciences in different 
ways. The point is nicely made by Zabarella, De Tribus Praecognitis, chap. 2, in Zaba- 
rella 1966, pp. 502e—503a. See below, p. 63 and Chapter 8. 
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3. Axioms are discussed below in Chapter 6. 

4. The subalternate sciences are discussed below in Chapter 5. 

5. APo 1.6 75a28-31 and 74b1 I-12 (where houitds refers to kath’ hautd, 74b6-7). 
The latter passage will be discussed at the beginning of Chapter 7 below. 

6. Ross, p. 532; Barnes, p. 129. 

7. Cf. Met. T.2 1004a9—-10, 100§al I-13. 

8. See I.2 72a37—39 and a30—32, translated and discussed at the end of Chapter 2 
above. 

g. If B is the “‘cause’’ of C and A the ‘‘cause’’ of B and A has no ‘‘cause,’’ then 
knowledge of C that depends on knowledge of B depends on a “‘caused cause’’ and knowI- 
edge of C depending on knowledge of A depends on an ‘“‘uncaused cause.’’ The principles 
of sciences are ‘‘uncaused causes,’’ but here, ex hypothesi, the first-order principles are 
““caused,’’ and the ultimate principles are ‘‘uncaused causes.’’ 

10. I take it that Aristotle is characterizing the kind of relations to the subject and 
predicate of the conclusion that a relevant principle could conceivably have. 

11. Cf. Bonitz, 152a16—21. 

12. Cf. 1.28 87b1-2. 

13. This assumption is false (at least in geometry), despite its superficial plausibil- 
ity. 

14. Pace Ross, p. 604. 

15. The Greek has a present indicative apodosis following a protasis with ei + 
optative. Cf. Goodwin 1890, sec. 500. 

16. Commentators (Zabarella 1582, comm. ad context. 192, in Zabarella 1966, 
pp. 1013c—1014b; followed by Mure, ad loc.; Ross, p. 604) have found here an otherwise 
unknown view of Aristotle’s, that each genus actually has one primary principle, and have 
attempted to say what such a principle would be. But since the view is not Aristotle’s, 
these guesses are futile. 

17. A Suitably loose sense of ‘‘belong to’’ is intended here. 

18. Some were discussed above on p. 49. 

19. The context from 76b11 makes it clear that the genus is meant. Cf., note b, on 
I.10 76b21—22 in Chapter 2 above. 

20. See notes b and c, on 1.10 76b11—15 in Chapter 2 above. 

21. I doubt that the wording can be taken as asserting it. For a modern, ‘‘all the 
things composed of the primary things’’ would (trivially) include the primary things, but 
not, I think, for Aristotle. 

22. Pace Barnes, pp. 182-83, Met. A.25 1023b23 does not warrant this interpre- 
tation. 

23. ‘tAs such’’ (héi autd) is equivalent to ‘‘per se.’’ Cf. my discussion of I.4 
73b28—29 in Chapter 7 below. 

24. Postulates 1-3 of Euclid’s Elements serve as the existence claims for these 
primitive subjects, from which all the other subjects are derived (e.g., squares; cf. bk. I, 
prop. 46). The relation between Aristotle’s basic existence claims and Euclid’s postulates 
I-—3 is discussed in the section ‘‘Differences between Aristotle and Euclid’’ in Chapter 11 
below. 

25. This is Barnes’s view, p. 128. 

26. Joachim 1922, pp. xxii—xxiv, gives a similar interpretation. 

27. APo 1.10 76b17-—18 (quoted above as evidence for (1)) does not say that arith- 
metic hypothesizes that number exists, only that it is not equally clear that number exists 
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and that cold and hot exist. Arithmetic might make clear that number exists by hypothe- 
sizing that units exist (cf. b3-6). 

28. Chapter 8, below. 

29. The value of this approach can be seen more easily in modern geometry, which 
has more than one kind of spatial magnitude. Euclidean space can be contrasted with 
Riemannian space, say, and the properties of figures depend on the kind of space in which 
they are located—i.e., on which kind of figures they are (Euclidean or Riemannian ones). 
Conclusions proved about figures in one of those spaces will contribute to knowledge of 
that space. Interestingly, for some purposes these spaces are defined in terms of per se 
properties of their subjects. Thus, metric differential geometry can define Euclidean space 
as a space where, inter alia, the sum of angles in a triangle is equal to two right angles. 

30. Joachim 1922, p. xxii; Ross, p. 597; Barnes, p. 120; Mignucci 1975, pp. 575f. 

31. See Top. IV for tests for the genus/species relation. 

32. See discussion of I.7 75a38—b20 earlier in the present chapter. 

33. See below, Chapter 8. 

34. See Bonitz, 151a57ff. 

35. For example at Met. E.1 1026a26—27. 

36. For objections to this view, see Zabarella, De Tribus Praecognitis, chap. 14, 
in Zabarella 1966, pp. 527-30. 

37. Met. T.2 1004a4—5, trans. Ross. 

38. Met. T.2 1004a5-6, trans. Ross. 

39. Met. T.2 1003b19—20 need only mean that every genus of things (we may 
exclude the categories here) falls under one science and one perception. His example, 
‘‘articulate sounds,”’ is not the only kind of thing that we hear. 

40. Despite arguments that categories are not summa genera, Aristotle sometimes 
treats them as such. See Bonitz, 152a16—21. 

41. It is possible that ‘‘universal mathematics’’ is meant as the study of the general 
attributes of all quantities. Cf. Mer. E.1 1026a26-27. 

42. Cf. Met. T.2 1004a6-9: the varieties of mathematics correspond to géné tot 
Ontos, whatever Aristotle may mean by saying that the branches of mathematics are ar- 
ranged in a serial order. (It is not clear that he means the ordering arithmetic, plane ge- 
ometry, solid geometry, which corresponds to the complexity of the subjects studied. Cf. 
1.27 87a34—-37 and Top. V1.4 141b5-8.) 

43. This evidence refutes the commonly held view that the subjects of a science 
are substances, so that the distinction between subjects and attributes is the same as that 
between substances and accidents. See also S. Mansion 1976, p. 155: ‘‘les sciences ont le 
plus souvent pour objet des accidents, tels la quantité et le mouvement, qui n’ont qu’une 
essence relative.’’ 

44. Cf. Met. T.2 1003b22—1004a2, 1004a9—-b17, esp. b10—-17. 

45. Cf. APo I.7 75b17-20. 

46. Again the common principles and subordinate sciences are exceptions. 

47. There is no indication that Aristotle thought that metaphysics could do this 
work. See Ross, pp. 537, 543; and Barnes, pp. 133, 143. 

48. Plato, Republic V1.511. 

49. Ross, p. 64; Barnes, p. 186. 

50. References to Speusippus can also be seen. Cf. Cherniss 1944, pp. 73-75 n. 
55. 

51. For the same idea, see Kuhn 1970, pp. 15f., 163f. 
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CHAPTER V 


I. For an approach of this sort, see McKirahan 1978. For the most part in what 
follows I shall be stating the relevant conclusions of that discussion. The reader is referred 
to the article for a thorough treatment, including an examination of relevant scientific 
texts. 

2. Also cf. I.9 76a9—10 with I.7 75b10-11. 

3. Luse this word to distinguish aspects of the existence of visual lines in this world 
from their abstract geometrical properties. 

4. Aristotle fails to recognize explicitly the need for such application rules. On the 
other hand, he says nothing contrary to the present interpretation. 

5. Aristotle mentions mechanics as well as optics (I.9 76a24), but cf. 1.13 78b37. 

6. Cf. pseudo-Aristotle, Mechanica. 

7. This idea is presented in the section ‘‘Axioms and Subordinate Sciences’’ in 
Chapter 6 below. 

8. These are only the leading branches. There are also semigroups, which have a 
place between sets and groups, and Abelian groups, which fit between groups and rings, 
not to mention special areas of algebra that would introduce new dimensions of complexity 
into the picture. 

g. See the analysis of the relation between arithmetic and mathematical (as opposed 
to acoustical) harmonics (cf. I.13 79aI—2) in McKirahan 1978, pp. 206-15. The relation 
between a more and a less general branch of algebra is the same. 


CHAPTER VI 


1. Mignucci 1975, pp. 143f., following Zabarella, holds that the axiémata here are 
premises, not common principles. He claims that since I.7 is concerned with genus cross- 
ing in proofs, ‘‘the things from which the proof [proceeds] can be the same’’ (75b2-3) 
means that in some cases (the subordinate sciences, b14—17) the same premises can occur 
in different sciences; any reference to axioms is irrelevant. But since 1.7 75a39—b2 is so 
closely parallel to I.10 76b9—15 (cf. b22), where axidmata is given as a synonym for 
“‘common principles,’’ the point must be that although the same axioms (i.e., common 
principles) may be used in different sciences, still the impossibility of genus crossing is 
guaranteed by the difference in genera (cf. 75b3ff.) 

2. Cf. 75a39ff. The slight variation in the lists is probably due to Aristotle’s im- 
mediate purposes in these contexts. 

3. APo 1.10 76b1 1ff. is translated and discussed in Chapter 3 above. 

4. The passage is discussed in the appendix to this chapter. 

5. APoI.10 76b20-21, I.11 77a26-27, a30—31, I.32 88a36—b3, discussed in Chap- 
ter 4 above. 

6. Ross’s well-balanced treatment (pp. 55-57, 65, 511, 531f.) is a notable excep- 
tion, although I disagree with it on some counts. 

7. In view of this fact, Philoponus’s suggestion that some axioms apply to only one 
science (In An. Post. 34.10-13 [Wallies]) cannot stand. Philoponus places undue weight 
on the axioms’ self-evidence. APo 1.2 72a16-17 may look like a definition of ‘‘axiom,”’ 
but it is axioms’ common character, not their self-evidence, that is stressed elsewhere. 
Note also that koind is interchangeable with axidmata in the lists of ingredients of dem- 
onstrations and sciences (1.7 75a41—42, I.10 76b14, I.11 77427). 
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8. Met. K.4 1061b20-21 remarks that EQUALS applies to all quantities, but does 
not say that it applies only to quantities. Theophrastus recognized that EQUALS applies 
only to quantities and that other axioms apply to absolutely everything (Themistius, Jn 
Post. An. 7.3-5). | owe this point and this reference to Ian Mueller. In APo Aristotle is 
unaware of this restriction or, what is more important, of the implications of this restriction 
for the assimilation of the two kinds of common principles. Cf. I.11 77a26ff. In Mer. T, 
the universal applicability of the axioms makes them the subject matter of first philosophy, 
the study of being qua being (I.3 1005a27—29). Although it recognizes the use of axioms 
in mathematics (1005a20), Met. T discusses only LNC and LEM. 

g. Cf. Met. T.3 1005b15. 

10. APo 1.11 77a10—25 recognizes that this is so for LNC and LEM (as does Met. 
I’.4-7), but stops short of noting that such principles are for that reason different from 
principles like EQUALS. Shortly below, both LEM and EQUALS appear as examples of 
common principles (77a30—31). 

11. This deduction is syllogistically invalid, strictly speaking, since the premises 
and conclusion do not predicate ‘‘one thing of one thing’’ (APr I.1 24a16—-17), but the 
important thing for our purposes is that Aristotle regarded it as valid (APr 1.24 41b13—22; 
cf. b6~7).The question of how strictly Aristotle observed the formal requirements of the 
syllogistic is discussed in the section ‘‘Proofs and Syllogisms’’ in Chapter 12 below. 

12. The meaning of these prepositions is discussed in the section ‘‘The Alleged 
Regulative Role of Axioms’’ later in the present chapter. 

13. In Met. T, LNC and LEM are deductive principles (e.g., [.3 1005b7, bg). 
LNC is called “‘by nature a principle for all the other axioms’’ (1005b33-—34), but it is not 
clear what this claim means. Since LNC is not an explicit premise in the arguments for 
LEM (T.7), the point may be that LNC underlies LEM as it underlies all other proposi- 
tions. Since LNC cannot be demonstrated (['.4 1006a5—11), Aristotle proceeds to ‘‘dem- 
onstrate in the manner of a refutation’’ (1006a15), which differs from demonstration 
proper by beginning from a significant assertion made by someone (especially a person 
who denies LNC), instead of ultimate premises (1006a1 1-27). He apparently has the same 
view of his arguments for LEM (cf. ['.7 1012a21-24 with T'.4 1006a24—25). 

14. The terms ‘‘categorial’’ and ‘‘transcendental’’ are introduced by commenta- 
tors; nothing in APo corresponds to them. The former term is misleading if taken to sug- 
gest that such principles will in general hold for all the sciences whose genera fall within 
a given category. In fact EQUALS does hold for the quantitative sciences known to Aris- 
totle (though it would not hold in branches of modern mathematics where the concept of 
subtraction is not defined), and he says that equal is a property (idion) of quantity (Cat. 6 
6a26; Met, A.15 1021a12). But nothing in Aristotle’s theory shows that he thought that 
all such principles hold with precisely that degree of generality. 

15. This role of LNC and LEM is not stressed in Met. I’. Sullogistikai archai (1.3 
1005b7) is reasonably translated by Kirwan (1971) as ‘‘principles of [sc., deductive—see 
Kirwan’s commentary ad loc.] reasoning.’’ Met. B.2 996b26 is to be taken similarly. 

16. Mure, ad loc., notices this. See also Ross, ad loc. 

17. Cf. Zabarella 1966, pp. 786aff.; Pacius 1966, p. 299. 

18. Cf. Met. T.3 1005a23-26. 

19. Despite I.1 71a14, translated and discussed in Chapter 3 above. 

20. Euclid, Elements, bk. I, prop. 1, uses it in this way. 

21. Zabarella 1966, pp. 786c—788a. 

22. Cat. 6 5a38. 
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23. This is also the view of Averroes, whom Zabarella (1966, p. 787d) says he is 
following, and of Philoponus, /n An. Post. 123.24—26 (Wallies). 

24. Pacius 1966, p. 299, classifies kat’ analogian alongside of ‘‘equivocal’’ and 
“‘univocal.’’ 

25. See Bonitz, 152a16-21. 

26. This was discussed in the section ‘‘Interpretations of the Subject Genus’’ in 
Chapter 4 above. 

27. Met. E.1 1026a26-27, K.7 1064b8—9, M.2 1077a9—10, b17-22. 

28. I shall return to this subject in the section ‘‘Axioms and Subordinate Sciences”’ 
later in the present chapter. 

29. For the term, see above, pp. 70—71f. 

30. For this proposal, see note b on I.10 76b11—15 in Chapter 3 above. 

31. Mueller (forthcoming) uses this passage as the starting point for discussing the 
principles, so that the axioms are the only premises used in demonstration. The resulting 
interpretation is radically different from mine. 

32. Barnes (p. 135) supports this reading against Ross (pp. 56, 531, 602), who 
thinks that this and the following passage point to the use of axioms as principles of rea- 
soning. 

33. LNC is also presupposed in reductio arguments, but Aristotle does not regard 
it as a premise. For the use of LEM as a premise, see Barnes, ad loc., p. 142. 

34. This idea is discussed at the end of Chapter 5 above. 

35. See I.7 75a38—b20, translated in Chapter 4 and discussed in Chapter 5 above. 


CHAPTER VII 


1. See the section ‘‘The Role of Existence Claims’’ in Chapter 10 below. 

2. For this distinction see note e on I. 10 76b3—10 in Chapter 3 above and discussion 
of II.7 92b4—7 in Chapter 10 below. 

3. Cf. also 94a9—12, II.3 91a1, and references in Bonitz, 524b48-61. 

4. Aristotle’s claim is actually stronger: if we know x, we know that x cannot be 
otherwise. 

5. Pace Barnes 1981, p. 26. 

6. Necessity has nothing to do with existence claims; see Chapter 10 below. 

7. See discussion of I.2 71b20—22 in the section “‘Six Requirements for Scientific 
Principles’’ in Chapter 2 above. 

8. For the move from ‘‘cannot be otherwise’’ to ‘‘necessary,’’ cf. De Int. 13 22b6— 
7. For that from ‘‘scientific knowledge’’ to ‘‘demonstrative knowledge,’’ cf. APo I.2 
71b16—-17. 

g. Barnes, p. 112. 

10. This point has nothing to do with Aristotle’s mistaken belief that a necessary 
conclusion may follow when only the major premise is necessary (APr 1.9 30a15—23). The 
things that are at stake are the grounds of necessary conclusions and our knowledge of 
them, not simply premises from which they follow. In the situation envisaged, ‘‘it is pos- 
sible for it [the middle] not to be’’ (74631): B belongs contingently to C, and perhaps also 
A belongs contingently to B. And Aristotle holds that if either premise is contingent, the 
conclusion cannot be known to be necessary. 

Ii. Cat. 2 1a24—25 specifies that the ‘‘in’’ relation intended is not the relation 
between parts and whole. 
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12. This is to be construed broadly, as including such relations as that of lines to 
triangles, in which the parts are proper parts, and such relations as that of points to lines 
and of moments to time, in which strictly speaking the parts are not component parts. Cf. 
Phys. V1.1. 

13. Barnes’s comment (p. 113) regiments this relation as the predication relation, 
which is incompatible with the point-line example, but has the advantage of making the 
relation directly relevant to syllogistic reasoning. 

14. Proclus, Comm. 97.7. This definition seemingly was known to Aristotle (De 
An. 1.4 409a4-5). 

15. See, for example, Phys. VI.1 231a24-25. Cf. Bonitz, 162a13-15. 

16. ‘‘Sano modo,’’ Zabarella 1966, p. 702a. 

17. APo 1.4 73b30-32; cf. b33-34, b38, b40, and for an extreme abbreviation, 
1.24 85b11. 

18. This extends a suggestion of Ross, p. 519. 

19. The plural verb is unusual with neuter plural subject, but it can hardly be con- 
strued as a participle agreeing with autois. 

20. The dative of hdsois is required by the construction ‘‘to be predicated of x in 
its definition’ (enhupdrchein tini en t6i l6gdi tdi ti esti délotinti)—cf. note c on 1.4 73a34- 
37 earlier in the present chapter. 

21. This is doubtless the basis for the similar claim that serves as premise (4) of 
the argument at I.6 74b5—12, discussed above, pp. 83-84. 

22. Contra Ross (p. 522), who takes tofs kat@gorouménois as subjects, citing APr 
1.32 47b1, so that the first things mentioned are predicates belonging to their subjects (per 
se 1) and the subsequent things are predicates being belonged in by their subjects (per se 
2). The point of 47b1ff. is not so much that katégoreisthai is used of the subject, but that 
Aristotle can use words in the opposite voice: there, katégoreisthai in the active as well as 
passive, here enhupdrchein in the passive as well as active. (This is the only occurrence 
of a passive form of the word listed by either Bonitz or LSJ.) In both places Aristotle is 
making the point that one thing can be predicated of another and another of it. 

23. See Ross, p. 522. 

24. For the notion of opposition involved, see Cat. 10 11b38— 12a20, 12b26—13a3, 
13b13-35. 

25. Kampiilon, the word translated ‘‘bent,’’ covers both curved and zigzag lines. 

26. This is true whether we take ‘‘oblong’’ to mean a number of the form m(m + 
1) (cf. Heath 1921, 1:82) or any nonsquare composite number (Plato, Theaetetus 148a). 

27. Cf. note b on I. 10 76b23—34 in Chapter 3 above. 

28. A ‘“‘belongs’’ in any of the ways permitted according to the discussion in the 
section ‘‘Per Se 1’’ earlier in the present chapter. 

29. At I.22 84a24 we are to understand hupdrchein, but this will be Aristotelian 
shorthand for enhupdrchein. Cf. 84a20. 

30. Euclid, Elements VII, def. 11. 

31. ‘‘Primary’’ distinguishes the essential description of prime from any derivative 
descriptions that may state necessary and sufficient conditions for being prime. 

32. Euclid, Elements I, def. 23. 

33. Ibid., VII, def. 9: literally, ‘that [number] which is measured by an even num- 
ber according to an odd number’’ (artidkis dé perissés estin ho hupo artiou arithmot 
metrotimenos kata perisson arithmén). The position of the article indicates that ‘‘even- 
times-odd’’ is predicate—not subject (‘‘even-times-odd number’’), as it is commonly 
translated. 
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34. This result is proved by Euclid, Elements IX, prop. 28. 

35. Cf. Euclid, Elements I, defs. 20, 22. 

36. The same question arises for compounds of differentia and subject, like ‘‘odd 
number,’’ and the proposed solution applies to them as well. 

37. APo I.10 76b3—-4, b13. These passages are translated and discussed in Chapter 
3 above. Also I.7 75a42—b2. This kind of demonstration is discussed in chapters 12 and 
13 below. For other kinds of demonstrations and their relation to this primary kind, see 
below, Chapters 14, 15. 

38. This discussion assumes that the subclass is not empty. In fact, the theory of 
science requires us to prove that (nonprimitive) subjects exist before we prove that they 
have further attributes. This move avoids the embarrassment of attributes like ‘‘even-and- 
odd,’’ which might seem to belong per se 2 to ‘‘number,’’ but which actually fails to 
specify a non-empty subclass of numbers. 

39. “‘Has been proved’’ is more precise than ‘‘can be proved’’ because of the re- 
quirement that we cannot know the per se facts about a subject until we know that it exists 
(11.7 92b4-8). 

40. There is no need to add /eukén with Ross, since what is wanted is not another 
improper predication, but another improper subject. 

41. For discussion of the two types of predication, see the section ‘‘Subjects and 
Attributes’ in Chapter 8 below, and Barnes, pp. 116-18. 

42. Ross understands it in this way, p. 519. 

43. The same construction is used again at I.5 74437, b3. 

44. I shall indicate a scientific predication or ‘“‘connection’’ between subject A and 
attribute B by writing ‘‘A—B.”’ 

45. I argue for this view in the section ‘‘In Every Case, Per Se, Universal, and 
Necessary’’ later in the present chapter. 

46. Cf. 73a35, a38—39 for these very examples. 

47. Cf. I.2 72a4—5, quoted and discussed in Chapter 2 above. ‘‘Prior’’ (prdteron) 
means ‘‘more general,’’ so ‘‘primary’’ (préton) (its superlative) will mean ‘‘most gen- 
eral.’’ Cf. this use of ‘‘prior’’ at 73b39: triangle is prior to isosceles. 

48. The importance of this procedure of stripping off or subtraction for understand- 
ing Aristotle’s notion of ‘‘abstraction’’ is the subject of Cleary 1985. 

49. Aristotle has ‘‘figure’’ and ‘‘boundary’’ after ‘‘triangle.’’ I suppose figure is 
one step more general than rectilinear figure. The relevance of ‘‘boundary’’ is easily seen 
by referring to Euclid, Elements I, def. 14; cf. defs. 6, 13. 

50. Commentators frequently say that Aristotle requires that premises of demon- 
strations state relations that hold universally (in the sense defined in I.4). This is false and 
deeply misleading about the nature of scientific demonstrations. The only way for prem- 
ises of demonstrations to be ‘‘universal’’ would stem from genus-plus-differentia defini- 
tions where the final differentia is related per se 1 to and is coextensive with the definien- 
dum. (Cf. Met. Z.12.) But such premises will not get us very far in constructing 
demonstrations. 

51. Cf. the many occurrences of the words 
(apodeiknumi, deiknumi) between 73b33 and 74b4. 

52. Per se 3 and per se 4 relations are obviously not relevant. 

53. Tiles 1983 argues that it is not. 

54. The statement that straight and point belong to line ‘‘as line’’ (héi gramméi) is 
clearly an adaptation of the expression ‘‘as itself’’ (héi autd) to the particular case, as is 
héi trigénon in the other example. 


« 


‘proof’’ (apédeixis) and ‘‘prove’’ 
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55. For the parallel to be exact it should be ‘‘a certain loss of light from the moon.”’ 

56. APo II.8 93a29; also ‘‘something of the thing itself’’ (ti autoa tot pragmatos, 
93a22). 

57. Below in Chapter 16 we will see that Aristotle is not entitled to much of the 
apparent force of this argument. It turns out that the claim is plausible only for rather 
special cases like ‘‘eclipse’’ and ‘‘thunder,’’ which are names for connections of subject 
and attribute, not for attributes. “‘Screening by the earth’’ is a definition of neither moon 
nor a certain loss of light, just as ‘‘a loss of light from the moon due to screening by the 
earth,’ though a definition of an eclipse, is a definition neither of moon nor of loss of 
light. It remains that Aristotle describes nonimmediate connections as ‘‘something of the 
‘what it is.’ ’’ 

58. For example, Ross, p. 519, and Barnes, p. 114. 

59. See the section ‘‘Per Se 1 and Per Se 2”’ in Chapter 13. 

60. This expression violates the distinction between per se relations and accidents 
implied by I.6 74b5—12, where per se I and per se 2 relations are necessary, accidents are 
not necessary, and everything belongs either per accidens or per se (i.e., per se I or per se 
2), but not both. The least expensive solution is to distinguish between accidents and 
things that belong per accidens. This allows us to preserve the distinction between per se 
and per accidens relations, so that if B belongs to A, B belongs either per se or per accidens 
(but not both ways) to A. It follows that all things that belong per accidens are accidents 
and also some things that belong per se are accidents—all those that belong per se but are 
not in the essence (cf. Met. A.30 1025a30—32). The topic of per se accidents has been the 
subject of lively debate: see Barnes 1970, Wedin 1973, Graham 1975, and H. Granger 
1981. See also Urbanas 1988. On this reading the only change needed in 74b5—12 is to 
understand ‘‘the accidents’’ (ta sumbebékéta b12) as ‘‘the things that belong per acci- 
dens’’ (ta kata sumbebékos hupdrchonta). (Similarly at 1.4 73b4.) The per se accidents of 
a thing will be among the attributes that belong to it per se 1 and per se 2. 

61. It is unfortunate that their role in science is not discussed more fully in I.22. 
See the section ‘‘Scientific Facts’’ in Chapter 8. At 83b26-27 Aristotle merely takes as 
given that a per se accident belongs to its subject, and then relates it to the species and 
subspecies of that subject. See Barnes, p. 171 for interpretation of the argument. See also 
Mansion 1976, pp. 160-62 and notes ad loc. 

62. There is therefore nothing here either to support directly or to demolish Hintik- 
ka’s thesis (Hintikka 1973, pp. 136f.) that necessity is conceived by Aristotle as an exten- 
sional, ‘‘in every case’’ relation. 

63. I shall return to this point in Chapter 14 below. 


CHAPTER VIII 


1. Actually, only some of the premises are required to be of these sorts—a qualifi- 
cation we can ignore for the purposes of the present chapter. The roles of the different 
kinds of principles in proofs will be treated below in Chapters 12-15. 

2. Recall that for Aristotle a definition is a statement of the essence; see e.g., II.10 
93b29. See Bonitz 764b45-—59. 

3. APo 1.6 74b5—12, discussed in Chapter 7 above. 

4. The need for this qualification is discussed in the section ‘‘Individuals, Intelli- 
gibility, and Per Se Facts’’ later in the present chapter. 

5. Throughout this chapter and the next I will presume (along with Aristotle) that 
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all facts can be expressed in subject-predicate form suitable to the syllogistic. For ‘‘B is 
A,’’ understand throughout ‘‘All B is A,’’ a universal affirmative predication that can be 
derived from a definition. If triangle is defined as a rectilinear plane figure with three sides, 
one of the associated univeral predications is ‘‘all triangles are figures.’’ Another one is 
“‘all triangles have three sides,’’ which in subject-predicate form might be put, ‘‘having 
three sides is predicated of triangle.’’ This issue is discussed in the section ‘‘In Every 
Case’’ in Chapter 7 above. 

6. See above, p. 100. 

7. These claims will be discussed in the sections ‘‘Grounds of Truth or Grounds of 
Knowledge?’’ and ‘‘Priority of What is Better Known’”’ in Chapter 17 below. 

8. These lines speak of the premises of a syllogism, not a demonstration, but the 
context leaves no doubt that Aristotle is thinking of scientific demonstrations. Moreover, 
he is thinking of definitions, not the other kinds of scientific principles (1.8 75b30—32). 

g. In Chapter 10 I take up the implications some of these passages have for the 
existence of the objects of scientific knowledge. 

10. We are speaking here of the fully organized science, not of science in the mak- 
ing. The way in which our knowledge of scientific principles is based on acquaintance 
with particulars will be discussed below in Chapter 18. 

11. An individual may fall under several universals treated by a single science. It 
may be an isosceles triangle, a triangle, and a figure. The most specific relevant universal 
will be most informative since the attributes of isosceles triangles include all the attributes 
of triangles and more besides. 

12. Even its size is relevant (geometry studies the area of the triangle) and in some 
ways its position too. Geometry treats properties of polygons inscribed in a circle, but not 
the property of the circle’s being in this room (cf. Phys. IV.1 208b22—25). We might 
specify the ‘‘geometrical position’’ of figures that geometry considers, in contrast to their 
‘‘material position,’’ which it does not. 

13. See above, p. 60. 

14. See the section ‘‘Per Se 3’’ in Chapter 7 above. 

15. Recall that Greek can express this without a separate word for ‘‘thing.’’ 

16. Aristotle recognizes this point at Mer. Z.4 1030a17-b13. 

17. This assumes we have appropriate insurance policies to deal with the possibil- 
ity that an individual may fall under several universals treated by the same science. 

18. For an argument of the same form, see 1.22 83b38-84a6. 

19. Sorabji 1980, chaps. 12-13, esp. pp. 213-19. 

20. Aristotle makes this point at Met. H.3 1043b36—1044a2. (I owe this reference 
to Frank Lewis.) 

21. Cf. 1.2 71b12, b15—16, I.4 73a21, b18—-19, 1.6 74b6. 

22. The section ‘‘Existence and Necessity’’ in Chapter 10 below takes up the re- 
lated issue of whether the theory requires that subjects of sciences exist eternally. 

23. I will take up questions about the existence of universals and their dependence 
on particulars in Chapter 10 below. 


CHAPTER IX 


1. Axioms cannot do this work since they are common to more than one science, 
whereas essential facts have to do with subjects and attributes in a single subject genus. 
Neither can existence claims, which occur only for subjects, not for attributes (I. 10 76b3— 
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10). Another interpretation stems from the division of principles into axioms, definitions, 
and hypotheses (1.2 72a14—24). If hypotheses include all immediate facts not found in 
definitions, our problem is solved. In fact, two possible translations of the key passage 
invite this interpretation: a hypothesis is ‘‘one [thesis] that assumes either of the members 
of a contradiction (e.g., I mean, that something exists or does not exist)’’ or ‘‘one [thesis] 
that assumes either of the members of a contradiction (i.e., I mean, that something is or is 
not the case)’’ (a1g—20). Although these readings offer a blank check for scientific prin- 
ciples and so avoid the problem created by the stricter reading of hypotheses as solely 
existence claims, I prefer to remain with the stricter reading for the reasons given note f 
on I.2 72a14—24 in Chapter 3 above. There are reasons against these rival readings too, 
the strongest being that I.4 defines per se 1 and per se 2 relations in terms of ti esti, which 
has a direct connection with definitions (cf. also II. 13 96b21—25). 

2. How a derivative per se attribute like 2R is proved to hold of a subject like 
triangle is treated below in Chapter 12. Despite the difficulties of forcing mathematical 
proofs into the straightjacket of Aristotle’s theory, it is still the case that the indemonstra- 
ble facts about a thing stated in the principles of the science (typically in the definition of 
the thing) are (together with the other principles) sufficient to prove all the derivative facts 
about it. 

3. This account covers both per se I and per se 2 relations. Aristotle is concerned 
in I.22 to prove that n is finite. 

4. The same method is found in a third passage, at II.5 91b28-30. 

5. The other discussions of definitions in Topics (VI and VIII.3) are no more useful 
for our purposes. 

6. I will use ‘‘prime*’’ to mark the second way of being prime identified in the 
passage. 

7. ‘‘The final predicate’* cannot be A,, the final one of the A;’s, since each of the 
A;’s extends more widely than x. 

8. Recall that attributes that belong ‘‘universally’’ are coextensive with their sub- 
ject, but are sometimes if not always demonstrable and therefore not essential. See esp. 
1.4 73b25—74a3 and I.5, and discussion in the section ‘‘Universal’’ in Chapter 7 above. 

g. It would be wrong to grant this. Accidental attributes may belong ‘‘more 
widely’’ than to the thing in question. 

10. Esp. in Rolland-Gosselin 1912, Le Blond 1979. 

11. Hence the distinction between definition and property (Top. I.5 102a18—19). 

12. Met. I.8 also takes for granted that biological classification takes place by ge- 
nus and differentiae. See G. Lloyd 1961, pp. 66f. 

13. G. E. R. Lloyd notes some differences, but agrees that although Z.12 may be 
“*somewhat later’ than APo II.13, ‘‘Aristotle still believes that the infimae species will 
be revealed by a process of dividing and subdividing genera into opposites’’ (G. Lloyd 
1961, pp. 67f.), and that APr, APo, and Met. retain division ‘‘as a useful method for 
definitions, and. . . formulate certain rules for its application to the problem of establish- 
ing the infimae species of each genus’’ (p. 70). The present discussion accords with 
Lloyd’s view that Met. Z.12 is earlier than PA I.2—4 (ibid., p. 80). 

14. In the Greek, the successive genera are mentioned in order, beginning with the 
first: animal two-footed wingless. 

15. This is not to say that PA presents biology as a demonstrative science or that 
the methodology of PA agrees closely with the prescriptions of APo. I do not even require 
that the APo ideal of presenting sciences in demonstrative form was in Aristotle’s mind 
when he wrote PA. My thesis is much more limited: that Aristotle continued to be inter- 
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ested in how to go about defining (a topic closely connected with his interests in biological 
classification) and that the view of definition he presents in PA marks a major change over 
his views in APo and solves a major difficulty for the theory of demonstration. 

16. It requires only trivial adjustments to make sure that the conclusions of these 
demonstrations are per se predications of the subject. We shall see in the section ‘‘Exis- 
tence and Necessity’’ in Chapter 10 below that the notion of hypothetical necessity that 
Aristotle invokes in PA I is entirely appropriate to demonstrative science. 

17. There is one unimportant exception, at I.3 643a16—24. 

18. Balme 1972, p. 101. 

19. Since Aristotle is not committed to this definition of man (it also includes birds) 
there is no need to add é between dipoun and schizépoun with Balme on the grounds that 
cloven-footed does not imply two-footed. The example merely shows what a definition 
resulting from dichotomous division might look like. 

20. Aristotle need not accept all the popular classifications. He says it is right to 
follow their lead in using multiple criteria, not that they always choose the right criteria, 
combine them correctly, or reach correct results. In fact, he accepts genera of animals not 
found in popular classifications at all. 

21. PA 1.3 642b30—-643a1, 643a4—5, al16—24. 

22. This is the view of Top. VI.3 140a27-29. 

23. ‘‘Per se accident’ is equivalent to ‘‘derivative per se attribute.’’ See the section 
“*Scientific Facts’’ in Chapter 8 above. 


CHAPTER X 


. See APo I.10 76b3-—11 and note e in Chapter 3 above. 

. See the discussions of I. 10 76a31—36 and I.1 71a11—17 in Chapter 3 above. 

. At IL.2 90a2, the ‘‘is’’ with qualification is called ‘‘partial’’ (epi mérous). 

. Cf. pp. 62-63ff. above. 

. Cf. Met. A.13 1020a1 1-14. 

. The subject-genus term (“‘magnitude’’) may not appear in the definitions of all 
subjects, but we may suppose that there are ways of telling what subject genus we are in. 
One plausible solution is that since the definition of each term includes its genus, if we 
look at the definition of the genus and in turn of its genus, eventually we reach the subject 
genus term. 

7. At 76a32—33 he says ‘‘what both the primary and the derivative things signify 
is assumed.’ This is surely more nearly correct to say than that what they are is assumed. 
Neither expression is quite correct, but given that Aristotle is going to use the same ex- 
pression to apply to both, his choice is reasonable. 

8. This passage is translated and discussed in the section ‘‘Six Requirements for 
Scientific Principles’’ in Chapter 2 above. 

g. This passage is translated and discussed at the beginning of Chapter 7 above. 

10. Met. A.7-8; G&C II.11 337b35-338a2. 

11. ‘‘Aristotle often speaks as though the only principles are the definitions,”’ 
Barnes, p. 109, with references. 

12. APo 1.6 74b5—12, discussed in Chapter 7 above. 

13. G&C IL.11 337b35—338a2. 

14. Recall that ‘‘universal’’ refers to propositions or facts, not to the subject of 
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those propositions or facts. Similarly, ‘‘particular’’ means ‘‘particular occurrence or in- 
stance of a fact’’—not the moon, but the moon undergoing eclipse tonight. 

15. In I.31 particulars are locatable in place and time; in I.8 demonstrations apply 
to particulars at a particular time and in a way. Both discussions apply equally well to all 
three qualifications (time, place, and manner). 

16. See the section ‘Individuals, Intelligibility, and Per Se Facts’’ in Chapter 8 
above. 

17. Some considerations of time and place may be scientifically relevant. Astron- 
omy treats times of first visibility of stars and the synodic periods of planets, and Aristo- 
telian physics treats of certain places, such as the center of the universe. In such cases, I 
would like to distinguish between universal and particular references to time and place, as 
between saying that all pieces of earth tend to move toward the center of the universe and 
saying that this particular piece of earth is in this particular place (even if this place hap- 
pens to be the center of the universe), or between saying that any star’s first visibility 
always occurs the same length of time from the vernal equinox and that this particular 
star’s first visibility occurs on such and such a date. In each of these examples, the second 
statement treats a particular and mentions a particular time or place in its relation to that 
particular. Temporal and spatial considerations of this type help determine the particular 
star or piece of earth as a particular. Scientific knowledge of the corresponding universal 
facts will not include reference to times and places as the temporal and spatial locations of 
particulars, although the universal facts will be such that they can be applied to appropriate 
particulars, and when the application is made, individual times and places will be men- 
tioned. The considerations presented in this note should be understood to hold throughout 
the discussion. I am indebted to Henry Mendell for drawing my attention to this issue. 

18. It is given here that per se relations are ‘‘always.’’ I take it that they are ‘‘al- 
ways’’ for the reasons given in discussing the passages from I.8 and I.31. 

19. This example is unsatisfactory since the timelessly true proposition refers to 
particulars. It is not difficult to restate the proposition generally, in terms of opaque objects 
interposed between objects and their sources of illumination. 

20. The nature of lunar eclipses is perhaps too complicated for straightforward ex- 
position, since it is a relation between three bodies and the behavior of light. The point 
can be seen more simply for triangle—2R. 


CHAPTER XI 


1. Hintikka 1974, p. 91. Hintikka’s analysis begins with the conviction that Aris- 
totelian sciences must be interesting and then identifies principles that make for ‘‘interest- 
ing’’ sciences (Hintikka 1972, 1974). But this approach is precisely backwards. See Frede 
1974. 

2. Notably Einarson 1936; H. Lee 1935; Ross 1949, pp. 56-59; Heath 1949, pp. 
55-56; Heath 1921, 1:336-38; Heath 1925, 1:124; and Szab6 1978. 

3. A total of 119 definitions are found in Heath’s translation. However, see below, 
n. 55 for this chapter. 

4. The manuscripts give five common notions. Proclus thinks that all five are gen- 
uine (Comm. 196.15-21). Heath translates all five, but argues for following Heron in 
keeping only 1-3 as genuine (Heath 1925, 1:225, 232). In what follows I accept Heath’s 
recommendation. 

5. The translation is from Heath 1925, 1:154f.; the labeling is mine. 


Notes to Chapter XI 291 


6. H. Lee 1935, pp. 114-18. 

7. Quotation from H. Lee 1935, p. 115. The view is expounded in Zeuthen 1896 
and in Zeuthen 1902, pp. 98-103, and accepted by Heath 1925, 1:195, 221. It has recently 
been attacked by Knorr 1983. 

8. H. Lee does not make anything of the fact that Aristotle says that geometry 
assumes the existence of points and lines (1.10 76b5) whereas Euclid’s postulates allow 
for the construction of lines and circles. 

9g. Heath 1925, 1:191; also Heath 1949, pp. 27—30. 

10. H. Lee 1935, p. 117. 

11. This is the view of Heath 1925, 1:117; H. Lee 1935; and Szab6 1978. 

12. This is the view of Solmsen 1975, pp. 126-28. 

13. In Proclus, Comm. 66.7-8, 66.20—22, 67.12-I5. 

14. Pre-Euclidean concern for systematic organization is attested by Eudemus, 
who credits Leodamas, Archytas, and Theaetetus with making progress to a ‘‘more sci- 
entific arrangement’’ (Proclus, Comm. 66.17). Also, Theudius ‘‘arranged the elements 
well’’ (Proclus, Comm. 67.14). As Aristotle’s pupil, Eudemus may have taken his ideas 
of scientific arrangement from his teacher. 

15. Proclus, Comm. 68.7—-10. 

16. See esp. Proclus, Comm. 69.1-70.18. 

17. Proclus, Comm. 75.5-77.6. 

18. APo 1.10 76b9; Top. V1.4 142a22—31, b7—10; De An. [1.2 413a13-20; and see 
Heath 1925, 1:146-51, 155-92. 

19. Heath 1925, 1:151; Szab6 1978, pp. 231-32. 

20. Heath 1925, 1:202. 

21. Fritz 1955, p. 392. 

22. Esp. Taran 1981, pp. 427f. 

23. In an appendix of Mueller forthcoming. 

24. Szab6 1978, pp. 274-76. 

25. Proclus, Comm. 66.2. 

26. Szab6é follows Heath’s conjecture (Heath 1921, 1:175f.) that Oenopides re- 
stricted the permissible constructions to those that can be carried out by means of ruler and 
compass, then asserts (falsely; cf. Zeuthen 1902, pp. 98-99) that P1—P3 are equivalent to 
postulating the use of the straightedge and compass in constructions. He then declares, 
“*to say that Oenopides solved the problem ‘by means of the ruler and compasses’ is just 
to say that he solved it by making conscious use of Euclid’ s first three postulates’’ (Szab6 
1978, p. 275, his emphasis). The illegitimacy of this reasoning is manifest. 

27. So Hare 1965, pp. 22ff. 

28. So Solmsen 1975, pp. 11off. 

29. Above, pp. 70-71. 

30. Their role is discussed in the section ‘‘The Analogical Nature of Axioms’’ in 
Chapter 6 above. 

31. Evidence for this claim is presented in the subsection ‘‘Definitions’’ just below. 

32. Discussion of LNC goes back to Plato, Republic 436b. Aristotle’s arguments 
in its favor are normally seen as directed against actual, not imaginary, opponents. 

33. See references above in n. 13 for this chapter. 

34. For Euclid’s presupposing the existence of points, see Mueller 1981, pp. 27— 
29. 

35. See Knorr 1983. 

36. Zeuthen 1896, p. 223. 
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37. Such assumptions were not explicitly formulated. Cf. Heath 1925, 1:234ff. 

38. See the treatment of Euclid, Elements I, prop. 1, at the beginning of Chapter 
12 below. 

39. For the role of constructions in geometrical proofs, see Hintikka and Remes 
1974, chaps. 1, 5. They also call attention to the surprising failure of the ancients to 
recognize the function and importance of constructions in proofs. 

40. Theorems are stated in declarative sentences and their conclusions are followed 
by ‘“‘Q.E.D.”’ (héper édei deixai). Construction problems are stated as infinitive clauses 
(‘‘on a given line to construct an equilateral triangle’’) and the conclusions are followed 
by “‘Q.E.F.”’ (héper édei poiésai). 

41. See Heath 1925, 1:124-29. 

42. See below, Chapter 15. 

43. See Mueller 1981, pp. 14f., on the relation between P1—P3 and Hilbert’s ex- 
istence claims. Mueller (forthcoming) is less willing than I to associate Aristotle’s exis- 
tence claims with Euclid’s construction postulates. 

44. Heath 1921, 1:175. 

45. See the list of terms in Mueller 1981, p. 39. 

46. Heath 1925, 1:165. 

47. Ibid., p. 171. 

48. The notion of ‘‘fat definition’ is defined at the beginning of Chapter 9 above. 

49. Cf. Top. V1.3. 

50. Proclus, Comm. 157.10-11. 

51. Proclus, Comm. 157.17-158.2. 

52. See Mueller’s note in Morrow 1970, p. 125. 

53. Heath 1925, 1:225. For a different view, see Knorr 1980a, pp. 159-62, and 
Mueller 1981, pp. 21-26. 

54. In fact, the second part of def. 17 can be proved from Elements Ill, def. 11 and 
props. 31 and 24, though Euclid does not seem to have recognized it. 

55. An examination of Heiberg’s MS P in the Vatican Library and of MS B and 
other MSS of the Elements in the Bodleian Library revealed that (in those MSS) the defi- 
nitions are not numbered (although B numbers the postulates and common notions). Usu- 
ally definitions are separated by punctuation marks, or the initial word of each definition 
begins with a capital letter and/or is written in a different color of ink from the rest. There 
is great variation in the way the definitions are individuated. The material that Heiberg 
arranges as twenty-three definitions appears as sixteen in one MS and thirty in another. 

56. P4 is an exception to this practice of grouping unproved propositions next to 
the definitions of relevant terms. According to this practice, P4 should be placed next to 
def. 10, which defines right angles. I discuss this issue at the end of the present chapter. 

57. Cf. Hultsch 1885, index, s.v. de0c. 

58. See Fritz 1955. 

59. Book XI makes use of definitions that refer to the motion of figures—defs. 14, 
15, 18-23—although motion is not a geometrical concept. 

60. Proclus, Comm., pp. 76ff., 178ff. 

61. Fritz 1955, pp. 370-74. 

62. In his axiomatization of geometry, Hilbert (1971) has five groups of principles 
(plus definitions), each with a different subject matter (incidence, order, congruence, par- 
allels, continuity). 

63. So Zeuthen 1896, followed by Frajese 1951. See contra, Mueller 1981, p. 28, 
and above, n. §3 for this chapter. 
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CHAPTER XII 


1. The translation is from Heath 1925, 1:241—42; the labeling is mine. 

2. The traditional names for these parts are DI: prétasis, D2: ékthesis, D3: dioris- 
mos, D4: kataskeué, D5: apédeixis, D6: sumpérasma (Proclus, Comm. CCIII.1-205.8). 

3. In this case, the conclusion is stated in terms of the specimen case considered. 
Elsewhere Euclid frequently states the sumpérasma generally, in effect as a restatement of 
the protasis. 

4. For axioms, see above, pp. 70, 71-72. For definitions, see above, pp. 72, 124- 
25f. For existence claims, see above, pp. 124-25, 139. 

5. Cf. also Met. N.2 1089a21-25, APr I.41 49b33-37. 

6. Aristotle recognizes their value at Met. O.9 1051a21-29. 

7. This point is made by Proclus, Comm. 207.4-25, and discussed by Mueller 
1981, pp. 12-14. 

8. This assertion as well as others in this section is based on the section ‘‘Differ- 
ences between Aristotle and Euclid’’ in Chapter 11 above. See in particular the subsection 
‘*Hypotheses and Postulates.”’ 

9. By ‘‘guaranteed’’ I mean that it is either asserted or presupposed, ibid. 

10. These reconstructions admittedly differ from Aristotle’s assumptions that 
points and lines exist in that they postulate the existence of certain lines, ibid. 

11. This must be understood also in Euclid’s proof, which does not use a word for 
“‘radius.”” 

12. This is not a trivial matter, but a significant omission in Euclid’s geometry. See 
Heath 1925, 1:234—40. 

13. We shall see this in greater detail in Chapter 13 below. 

14. Solmsen 1975, 1941, 1951; Ross 1939; Ross 1949, pp. 6-23; Barnes 1981. 
Barnes 1981, n. I, contains useful references to previous discussion. 

15. This passage is discussed by Lear 1980, pp. 80-82. 

16. See Lear 1980, pp. 95-97. 

17. See Lear 1980, pp. 25-30, on the use of syllogistic in I.21. 

18. See Lear 1980, pp. 10-14. 

19. Lear 1980, p. 13. 

20. Heath (1925, 1:320-21), following Heiberg, argues that Aristotle used the 
same construction as Euclid. Mendell (1984) argues that he used the ‘‘Pythagorean,”’ not 
the ‘‘Euclidean,’’ construction. Mendell’s reading requires some changes in the proof, but 
nothing that affects the points I am making. 

21. The translation is from Heath 1925, 1:316—-17; the labeling is mine. 

22. The book was called to my attention by Professor John Murdoch. 

23. References to two nineteenth-century works that also pursue this peculiar ex- 
ercise are to be found in Heath 1949, p. 26. 

24. APrI.1 24a16—17; reaffirmed for the propositions of demonstrative sciences at 
APo 1.22 83b17-18. 

25. See the section ‘‘Subjects and Attributes’’ in Chapter 8 above. 

26. See the section ‘‘Per Se 2 and Definitions of Attributes’’ in Chapter 7 above. 

27. See also Mueller 1974, esp. pp. 40-42. 

28. A demonstration is a fragment of a science and makes little sense outside the 
context of the whole science. Only there is it clear what propositions are principles and 
how each fact is dependent on the principles. 
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29. Cf. the examples of eclipse (11.8), nontwinkling planets (I.13), and the various 
kinds of ‘‘cause”’ in II.11. 

30. This argument is discussed earlier in the present section. 

31. The translation is from Heath 1949, p. 23. 

32. So Heath 1949, p. 24. 

33. Préton, the word here translated ‘“‘first,’’ also means ‘‘primary.’’ The signifi- 
cance of ‘‘primary’’ and its equivalence to ‘‘immediate,’’ are discussed in the section 
“*Principles Are Primary and Immediate’’ in Chapter 2 above. 

34. Cf. I-14 79a29-31, also 1.19 81b30-82a6, I.12 78a14—21. 

35. Cf. PA 1.4 644a23-b7. 

36. APo J.10 76b10, also Top. I.1 100a27-29. 

37. Cf. Ross’s astute comment (1949, p. 36): ‘‘while he rightly (in APo) treats 
mathematical reasoning as the best example of strict scientific reasoning, he did not in fact 
pay close attention to the actual character of mathematical reasoning.”’ 


CHAPTER XIII 


1. Presumably it is the only way, since we are never told of any other. 

2. APo 1.4 73a21—24, translated and discussed at the beginning of Chapter 7 above; 
also I.6 7465-39. 

3. APo I.6 75a29-31, 74b5-—12, translated and discussed at the beginning of Chap- 
ter 7 above. This is also the point of statements that the conclusion belongs per se to a 
genus (1.7 75a40-41, a42—b2, I.10 76b13). 

4. These types are per se I and per se 2, which are discussed at length in Chapter 
7 above. 
. APo 1.6 75a18-19. 
. For the notation, see above, p. 159. 
. These issues are discussed in detail below in Chapter 17. 
. APo 1.7 75b10—-11, I.9 76a8-9. 

9. Problems arising from these claims are discussed in the section ‘‘Existence and 
Necessity’’ in Chapter 10 above. 

10. See the section ‘‘Subjects and Attributes’’ in Chapter 8 above. 

11. APol.10 76b3—4, b6—-10, b12—13, translated and discussed in Chapter 3 above; 
also 1.7 75a42-b2. 

12. For these terms, see the section ‘Scientific Facts’’ in Chapter 8 above. For the 
status of B—C as a subject-predicate proposition, see above, p. 154. 

13. This view is defended in the section ‘‘Subjects and Attributes’’ in Chapter 8 
above. 

14. The notion of ‘‘fat definition’’ is defined at the beginning of Chapter 9 above. 

15. Ackrill 1963, p. 82. : 

16. The different sorts of relations are discussed in the section ‘‘Per Se 1’’ in Chap- 
ter 7 above. 

17. These adjustments were discussed above, pp. 160-63. 

18. The proof is translated and discussed in the section ‘‘Proofs and Syllogisms’’ 
in Chapter 12 above. 

19. This use of the term ‘‘essence’’ may appear somewhat unusual, but it is in line 
with the view developed above in Chapter 8 that the scientific essence of x is the basic 


on AWN 


Notes to Chapter XIII 295 


facts about x, which are stated in the definition of x. The essence of alternate angles is that 
they are interior and opposite angles made by a straight line falling on parallel lines. 

20. The middle is identified as the grounds (II.2 90a6-7). 

21. This word sometimes means ‘‘definition.’” 

22. This is the simplest case. The more complex case where there are different 
explanations for a single attribute belonging to different subjects is treated at [1.17 99a30- 
b7, discussed in the section ‘“Commensurate Universals’’ later in the present chapter. 

23. Cf. 1.16 98a37-38, b4—-16. 

24. Aitia. Cf. Gen. An. V.3 783b10-23. 

25. Actually, he says /égos, not ho ldgos, but the article is omitted because it is a 
predicate noun. Cf. 99a21—22. 

26. The move from ‘‘broad-leaved plants are deciduous’’ to ‘‘vines are decidu- 
ous’’ is the same as that from triangle—2R to isosceles triangle—2R. See the discussion 
of this kind of proof below in Chapter 14. 

27. See the section ‘‘Are Conclusions of Demonstrations Per Se?’’ in Chapter 7 
above. 

28. APo 1.4 73b16-24, 1.6 75a28-31, I.7 75aq0-41, bI-2, I.9 76a4-8, 1.22 
84al I-17. 

29. Analogous claims hold for the kinds of demonstrations discussed below in 
Chapters 14—15. It is straightforward to apply the following arguments to those other kinds 
of proofs. 

30. APo 1.22 84a14-21, translated and discussed in Chapter 7 above. 

31. Ross (p. 522) says ‘‘that every number is either odd or even, must be as- 
sumed.’’ I disagree. This fact will be a provable proposition following from the definitions 
of number, even, and odd. 

32. See 1.4 73b23-74a3, 1.5 74a16-17, a25—b4, 1.24 85b5-13, 86a25-27. 

33. Literally, ‘‘the chance one’’ (t6 tuchdn, 1.4 73633, 635, b36, b38, b39). 

34. For the example, see I.24 85b38—86a3, II.17 99a18-21. 

35. APr Il.23 68b21. 

36. APo II.16 98b38. 

37. APo 11.17 99b4, II. 16 98b25. 

38. APo II.16 98b26. 

39. Aristotle makes provisions for cases where the attribute is used homonymously 
and analogically (II.17 99a1—16). 

40. I shall treat the case where there is one primary subject. What I say applies 
mutatis mutandis where there is more than one. 

41. This use of the word is discussed in the section ‘‘Universal’’ in Chapter 7 
above. 

42. These prepositions are used interchangeably. For did, see 1.5 74a13-16; for 
katd, see 1.5 74a36, b2, 1.24 85a24; for héi, see 1.5 74a35—-36, 1.24 85b6—14; for hori and 
dihéti, see 1.24 85b37-86a3. 

43. For the notion of subtraction, see Cleary 1985. 

44. Mere coextension is not enough to make a relation universal: See I.5 74a25— 
32, translated and discussed in Chapter 7 above. 

45. ‘‘Right angles do not intersect’’ means ‘‘straight lines each of which is at right 
angles to one and the same straight line do not intersect.’’ Heath 1949, pp. 4of. 

46. Though the words for ‘‘know”’ are eidénai and gindskein, not epistasthai (cf. 
note a on [.2 71bg—12 in Chapter 2 above). 

47. See Il.17 99a30—b7, discussed earlier in the present section. 
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48. The example is given at II.17 99a23—29, translated and discussed in the section 
‘Aristotelian Demonstration’’ earlier in the present chapter. 

49. For the limitations imposed by requiring syllogistic arguments in proofs, see 
the section ‘‘Proofs and Syllogisms’’ in Chapter 12 above, and for a detailed discussion 
of the role of convertible premises in demonstrations, see Inwood 1979. I agree with much 
of that paper, but not that all kath’ hauta sumbebékéta are commensurately universal or 
that provable kath’ hauto relations are immediate and self-explanatory. 


CHAPTER XIV 


1. Préton. See my discussion of I.4 73b26—74a3 in Chapter 7 above. 

2. APo 1.6 74b5—12, discussed in Chapter 7 above. 

3. My application arguments are what Lennox calls Type A demonstrations. My 
USA proofs are his Type B demonstrations. (Lennox 1987, pp. 92-97.) 

4. This sort of arrangement cannot be expected to work for every subject genus. 
See the section ‘‘Interpretations of the Subject Genus’’ in Chapter 4 above. 

5. This method fails for cases where there is no single subject to which an attribute 
belongs without extending more widely. (This sort of case is taken up in II.17.) 

6. The question what is to count as ‘‘the’’ middle in those cases is taken up in 
II.18, which is translated and discussed just below. 

7. This point is discussed in the sections ‘‘Individuals, Intelligibility, and Per Se 
Facts’’ and ‘‘Essence and Necessity’’ in Chapter 8 above. 

8. Cf. pp. 155—56f. below. 

g. This interpretation agrees with the suggestion proposed in the section ‘‘Exis- 
tence and Necessity’’ in Chapter 10 above that universal scientific facts and demonstra- 
tions apply ‘‘always’’ in that they apply whenever there are appropriate universals. 

10. I ignore the problems raised by quantifying over mass terms. That is not a 
problem raised specifically by the theory of demonstrative science. 

11. This passage is translated and discussed in Chapter 10 above. 

12. Nothing has been said yet about the crucial step of determining that thunder is 
noise caused by quenching of fire in clouds. 

13. The difference between ‘‘occurs’’ and ‘‘is occurring’ is invisible in Greek, 
which lacks distinct forms for the present progressive tense. 

14. Van Fraassen (1980, pp. 23-25) makes this objection. 

15. The passage is translated and discussed in Chapter 13 above. 

16. The proof is translated and discussed in the section ‘‘Proofs and Syllogisms’’ 
in Chapter 12 above. 

17. Barnes, p. 173. The discussion of compactness in Lear 1980 (Chap. 2, esp. 
pp. 30-32) is helpful on this passage. 


CHAPTER XV 


1. APoI.10 76a31—36 may refer to proofs of existence, but even if it does, the idea 
is not developed. See my discussion of I.10 76a31—36 in Chapter 3 above. 

2. These questions are reminiscent of Meno’s paradox, of which Aristotle was con- 
scious in APo (I.1 71a29—30, II.19 99b25-26). 

3. This is one kind of unscientific question: I.12 77b5-9. 
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4. Cf. 1.12 77a36-b27. 

5. To my knowledge, Aristotle knew no metalogical theorems sufficiently power- 
ful to assure that a relation could be proved without making it clear what the middle of the 
proof was. 

6. The relations between postulates and assumptions of existence and between con- 
structions and existence are discussed in the sections ‘Differences between Aristotle and 
Euclid’’ in Chapter 11 above and ‘‘Existence vs. Constructibility’’ in Chapter 12 above. 

7. The translation is from Heath 1925, 1:347—48; the labeling is mine. For the six 
parts of the proof, see the beginning of Chapter 12 above. 

8. Allowing for the modifications discussed in the section ‘‘Proofs and Syllo- 
gisms’’ in Chapter 12 above. 

g. The existence of AB as a legitimate subject is guaranteed by P1 and P2, subject 
to concerns expressed in the subsection ‘‘Hypotheses and Postulates’’ of the section ‘‘Dif- 
ferences between Aristotle and Euclid’’ in Chapter 11 above. 

10. See above, Chapter 12, n. 12. 

11. Cf. Met. Z.17 1041a10—20. 

12. For this distinction, see note e on I.10 76b3—11 in Chapter 3 above and the 
section ‘‘The Role of Existence Claims’’ in Chapter 10 above. 

13. These issues are also treated below on pp. 207-8f. 

14. Any roles of primitive existence claims and definitions in subject-attribute 
proofs will also be found in existence proofs in the subject-attribute arguments that con- 
Stitute step S2. 

15. Cf. the use of CN1 and CN3 in Elements I, prop. 46. 

16. This point is argued in the section ‘‘Existence and Necessity’’ in Chapter 10 
above. 

17. In typical Euclidean proofs, theorems and problems show no differences in 
these respects. In both cases steps D2 and D4, which involve or presuppose constructions, 
guarantee the existence of the entities in question. This function of Aristotelian existence 
claims is discussed in the section ‘‘The Role of Existence Claims’’ in Chapter 10 above. 

18. Met. T’.2 1003a33—b15 makes the point that all nonsubstances are said to be 
by virtue of being related to substances. In the context of a demonstrative science, the 
same is true for attributes vis 4 vis subjects. Cf. Mansion 1976, p. 163. 

19. Euclid, Elements I, def. 23. 

20. So Mansion 1976, pp. 171f. 

21. This point is made in the section ‘An Aristotelian Demonstration’’ in Chapter 
13 above. 


CHAPTER XVI 


I. There is neither any textual reason nor, as far as I can see, any interpretive 
reason to follow Mansion 1976, p. 188 n. 119, who calls the preliminary answer a material 
definition and the final answer a formal definition, and supposes that the preliminary an- 
swer States the matter of the definiendum and the final answer its form. Met. Z.17 1041b2— 
9 makes this distinction, but I do not see any justification for reading it into the present 
context. 

2. Cf. II.8 93a30, a37. 

3. APo II.9 treats the case where it is the same. 

4. With Barnes, p. 212. 
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5. On another interpretation II.9 93b23-—24 says that we must posit or make known 
in another way both that there are such immediate ‘‘what it is’? and what they are—i.e., 
which ones they are. On this reading, Aristotle is saying that we must accept that there are 
principles and specify which propositions are principles. But this requires taking ‘‘that 
they are’’ and ‘‘what they are’’ in ways so different from the use that dominates these 
chapters that it seems best not to adopt the reading, even though it gives a more straight- 
forward sense. 

6. Ross (p. 633) takes the passage differently: ‘“By the things that have a cause 
other than themselves A. means, broadly speaking, properties and accidents; by those that 
have not, substances, the cause of whose being lies simply in their form.’’ I disagree. 
Since II.2, relations and subjects have been assimilated. Most recently, II.8 93a22—24 lists 
relations and substances indiscriminately, and nothing in the text of II.9 indicates a rever- 
sal of this tendency. Ross sees in II.9 93b23-24 a reference ahead to II.13, which offers a 
method for arriving at definitions of substances (p. 633). But the reference is vague (Ross 
can only cite the words ‘‘in some other way’’) and is better taken as saying that since (for 
reasons given above) some essences cannot be reached by the method of II.8, we must 
obtain them in some other way. 

7. Cf. 1.5 74a8-9. 

8. Cf. IL.8 93a21-26. 

g. Cf. II.8 93b4—5: investigating why A belongs to C is a matter of investigating 
what B is. 

10. For this use of the word ldgos, see Bonitz, 435a31-36. 

11. C£ 1.15. 

12. This is not quite right: at II.8 93b8 thunder is called quenching of fire in cloud. 
Aristotle realizes that it would be unacceptable to call thunder simply ‘‘quenching of fire,”’ 
so he identifies where the quenching of fire occurs (cf. 93bI1). 

13. See Bonitz, 524b54-61. 

14. We have seen that even the example of eclipse runs afoul of the fact that there 
are also solar eclipses. 

15. I assume that “‘leg’’ is not being used homonymously here. Cf. EN V.1 


1129a29-31. 
16. Cf. 1.13 97a28-30, Met. Z.12 1038a19-25. 


CHAPTER XVII 


1. This passage is translated and discussed in Chapter 2 above. 

2. Neither do they catch the sense of aition, which is apparently used as an equiv- 
alent in APo. 

3. For defense of this translation, see the sections ‘‘Aristotelian Grounds and Hum- 
ean Causes’’ and ‘‘Aristotelian Explanations and the Deductive-Nomological Theory’’ 
later in the present chapter. 

4. This is stressed especially at 74b29—30 and 75aI—11, where in a proof that A 
belongs to C, B is the middle. Also 74b32—39, which says that if the middle can perish 
while the conclusion is preserved, knowledge through that middle is not scientific knowl- 
edge. 

5. The passage is translated and discussed in Chapter 14 above. 

6. Ibid. 

7. In this I am in agreement with Patzig 1981. 
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8. APo II.2 goag—11 and II.8 93a7-8, b4—5. 

g. This point was made in my discussion of II.1 89b23-35 in Chapter 15 above. 

10. Eidénai; cf. note a on I.2 71b9—12 in Chapter 2 above. 

11. Ross finds four or five ways, pp. 552f. 

12. The intervening lines 78b1 I-13, are discussed later in the present chapter. 

13. Barnes objects to this (p. 150), but I doubt whether Aristotle would be moved 
by his comments, which apply to the example rather than the principle. If 


A—B—C 
oe 


is a scientific demonstration of A—C, then the principles A—B and B—C are the only 
grounds of A—C. Granted that A—B is true and immediate, then if B—C is true and 
immediate, A—C is shown to be true and is explained. If B belonged to no C (and if this 
fact were immediate, a principle), then the fact that A belongs to no C would similarly be 
shown to be true and be explained. 

14. This claim of Aristotle’s, together with his view that causes and effects are 
asymmetric—that is, if A is the cause of B then B is not the cause of A—constitutes a basic 
difference between Aristotle and the deductive-nomological view of scientific explanation. 
See Brody 1972, p. 23. 

15. E.g., 1.4 73b40~74al (translated and discussed in Chapter 7 above) I.5 74a11— 
13, IIl.17 99a34—35. See the section ‘‘Commensurate Universals’’ in Chapter 13 above; 
also see Inwood 1979. 

16. In the case of proofs in the second figure, the primary subject of the predicate 
is the narrowest middle because that is the way to have the middle reciprocate with the 
attribute. 

17. Cf. 1.24 85b23-27. 

18. Cf. 1.8. 

19. It fails to provide for cases such as that discussed in II.17 99a30-b7, where 
there is more than one primary subject of an attribute. In that case, being long-lived does 
not reciprocate with bilelessness or with dryness. The modification required is not diffi- 
cult. 

20. St is called only a héti-syllogism, not a dihdti-syllogism; the opposite is true 
of S2. The genitive in sullogismos tof dihoti is a genitive of quality, not an objective 
genitive (Patzig 1981, pp. 143-44). 

21. I shall return to this point in the section ‘‘Priority of What Is Better Known’’ 
later in the present chapter. 

22. The problem is identified just below, p. 217. 

23. For this interpretation, see Ross, p. 552. 

24. Nor do I concur with Hadgopoulos 1977, pp. 33-34, that it means ‘‘immediate 
as regards its conclusion,”’ so that in 


A—B—C—D, 
™—<.__Y 


A—C and C—D are immediate in this sense. I cannot believe that Aristotle would intro- 
duce such a different use of the word without warning. 

25. Aristotle does not think the relation between nearness and not twinkling is im- 
mediate. See De Caelo II.8 290a14-24. (I owe this reference to Hadgopoulos 1977.) 
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26. The words quoted are the protasis of a conditional sentence, but are clearly 
understood to be true. 

27. A more sophisticated account of deciduousness is that the sap congeals in the 
connection of the leaf stalk (II.17 99a23-29). This is the grounds of the deciduousness of 
broad-leaved plants. The passage is translated and discussed in Chapter 13 above. 

28. I take this definition as equivalent to that found in II.2 and II.8: ‘‘eclipse is a 
certain loss of light from the moon due to screening of the earth.’’ 

29. See the discussion above on pp. 203-5. 

30. Or is it only a factor in the grounds? It is not clear if the shift from /dgos (II.8) 
to en 161 16gdi (11.16) bears any significance. 

31. To be fair, If.16 is not concerned with our question and assumes that we are in 
a position to identify which of two reciprocating terms is the grounds of the other. This is 
not begging the question, but starting from a more advanced level. 

32. ‘‘Account’’ easily can replace ‘‘what it is’’ since a definition is ‘‘an account of 
what it is’’ (légos tod ti esti, I. 10 93629) and Aristotle shifts easily between talking in the 
material and in the formal mode. 

33. Cf. II.10 93b38—-94a7, esp. légos ho délén did ti estin (93b39). The passage is 
translated and discussed in Chapter 16 above. 

34. See the section ‘‘Per Se 1 and Per Se 2’’ in Chapter 13 above. 

35. Pp. 86-87, 90-91f., 98—100ff. above. 

36. See the section ‘‘An Aristotelian Demonstration’’ in Chapter 13 above for dis- 
cussion of this essential point. 

37. Ibid. 

38. This passage is discussed in the section ‘*‘Six Requirements for Scientific Prin- 
ciples’’ in Chapter 2 above. 

39. This passage is discussed in the section ‘‘*Principles Are better Known, Prior, 
and Grounds’’ in Chapter 2 above. 

40. Cf. Met. Z.3 1029b3—12 and passages from Top. V1.4 translated and discussed 
in the section ‘‘Demonstration, Teaching, and Ideal Explanations’’ later in the present 
chapter. 

41. Aristotle makes sensible points similar to this in Top. V1.4. See passages trans- 
lated and discussed in the section ‘‘Demonstration, Teaching, and Ideal Explanations’’ 
later in the present chapter. 

42. Discussed below in Chapter 18, esp. in the section ‘‘The Path to the Princi- 
ples.”’ 

43. See the sections ‘‘The Path to the Principles’’ and ‘‘Grasping the Universals’’ 
in Chapter 18 below. 

44. See the beginning of Chapter 14 above. 

45. This is Aristotle’s other example in I.13 (78b4—13). 

46. Aristotle’s theory will be compared with the covering-law model in the section 
“‘Aristotelian Explanations and the Deductive-Nomological Theory’’ later in the present 
chapter. 

47. APo 1.8 75b24—26, discussed in Chapter 14 above. 

48. Although subordinate from the perspective of the theory and the overall struc- 
ture of demonstrative science, some application arguments will be important nevertheless. 
See the section ‘‘Applications to Natural Phenomena’’ in Chapter 14 above. 

49. Cf. [1.17 99a23-29, discussed in Chapter 13 above. 

50. E.g., Brody 1972; Patzig 1981, pp. 150-56. 

51. Brody 1972 and Van Fraassen 1980 agree with Aristotle that scientific expla- 
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nations are asymmetric. They discuss implications of this point for the nature of scientific 
explanations. 

52. For this conception of the structure of the subject genus, see the section ‘‘The 
Composition of the Subject Genus’’ in Chapter 4 above. 

53. Burnyeat 1981, p. 126. 

54. For discussion of the terms ‘‘primary’’ and ‘‘immediate,’ 
‘*Principles Are Primary and Immediate’’ in Chapter 2 above. 

55. See my discussion of I. 10 76b23—34 in Chapter 3 above. 

56. APo 1.24 85b24-25, hdi gar kath’ haut hupdrchei ti, totito auté hautdi attion, 
may make the same point, but its context suggests a contrast between a ‘‘universal’’ and 
a ‘‘particular’’ demonstration, such as triangle—2R vs. isosceles triangle—2R. It would 
then be saying that 2R belongs to triangle because of itself (because of the nature of tri- 
angle) and belongs to isosceles triangle because of something else (because it belongs 
primarily to triangle and derivatively to isosceles triangle). 

57. Barnes (p. 150) sees this as relevant to case 1, but it is not tied in to case I’s 
concern that the premises be immediate. 

58. loffer this interpretation undogmatically. Quite possibly in these lines Aristotle 
attempts to loosen the convertibility requirement of case 2 and winds up with a situation 
where the deduction he has in mind just cannot be formed. Pacius’s example ‘‘What is 
capable of laughing is an animal, Man is capable of laughing, Therefore, man is an animal 
(quoted, evidently with approval, by Ross, pp. 552f.) is not a happy one, since it is hardly 
better known that man is capable of laughing than that man is an animal. Besides, man’s 
being an animal is not the grounds of his being capable of laughing, whereas Aristotle’s 
point in specifying that the one that is not the grounds (of the other) is better known is 
presumably to imply that the one that is the grounds of the other is less well known. The 
same criticism applies to the example used by Barnes, p. 150. 

59. On my interpretation, case 2A covers one situation where a premise is false. 

60. Cf. I.12 77a36-37 on the identity of question and premise. 

61. Cf. paralogismés (1.12 77620, b27—33, b40—78a6). 

62. Again, Aristotle is insufficiently aware of the role of previously proved prop- 
ositions in proofs. See above, pp. 160-63. 

63. We can read I.12 and I.13 as a section devoted to this topic—I.12 covering 
cases where we do not even reach KF, I.13 covering cases where we reach KF but not 
KRW. 

64. See Patzig 1981, pp. 146-48, and McKirahan 1978, pp. 203-4. 

65. The following discussion is perhaps too thorough, but the prominence of the 
‘*four causes’’ in Aristotle’s philosophy and the frequency with which they are brought 
into discussions of aition in APo (e.g., Van Fraassen 1980) make it important to set out 
the similarities and differences in detail. 

66. The definition at Met. A.2 1013a24 is word-for-word identical with the Physics 
definition just quoted. 

67. Ross 1924, 1:292. 

68. Ibid.; cf. Ross 1936, p. 511. 

69. Ross says that the premises are said to be material causes of the conclusion ‘‘by 
a metaphor’’ (1949, p. 639). 

70. In the second case outlined above, both essences count as middle terms (II.17 
99a25-6). See the section ‘‘An Aristotelian Demonstration’’ in Chapter 13 above. 

71. See the section ‘‘Applications to Species’’ in Chapter 14 above. 


see the section 
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72. APo Il.2 says this repeatedly. The significance of the doctrine is worked out in 
Chapter 15 above. 

73. For difficulties in finding the ‘‘material cause’’ in Aristotle’s list, see Ross, pp. 
638-39, and Barnes’s reply, p. 216. 

74. Cf. Moravesik 1975. 

75. This difference may not amount to much, since Aristotle is willing to construe 
subject-attribute relations so broadly. See above, p. 75. 

76. E.g., Hempel 1965; Nagel 1979. 

77. See Brody 1972; Patzig 1981; Burnyeat 1981, pp. 122-26; Van Fraassen 1980. 

78. Nagel 1979, p. 33. 

79. Ibid., pp. 33, 34, 42. 

80. The generality criterion here seems to play a role analogous to that of Aris- 
totle’s order of natural intelligibility. I believe that it will be more profitable for future 
research to explore this point of contact than concentrating on the kind of scientific expla- 
nation corresponding to Aristotle’s application arguments. 

81. Cf. Evans 1977, esp. pp. 68-73. 

82. In view of the uninterpreted nature of modern abstract mathematics, examples 
from applied mathematics and theoretical science are more appropriate here. 

83. It is possible, as Aristotle says, to parrot proofs without understanding them. 
EN VII.3 1147a19—22. 


CHAPTER XVIII 


1. This topic is taken up in the section ‘‘Differences between Aristotle and Euclid”’ 
in Chapter 11 above, esp. in the subsection ‘‘Definitions.”’ 

2. PAIL.1 646a8—-12; HA I.6 491a10—12; Phys. 1.1 184atoff. 

3. E.g., the introduction of Meteor., esp. I.1 338b1—339a6. 

4. Esp. Top., Met., and PA I. 

5. Balme 1975, p. 183. 

6. This is especially true of APo I. APo II, which has less unity than APo I, ex- 
plores issues relevant to demonstrative science and offers a brief sketch (II.19) of how 
principles come to be known. 

7. This is discussed below, p. 240. 

8. The expression ta kata méros is used in two ways: to refer to particulars as 
opposed to universals, and to less general as opposed to more general universals. In the 
present context, the former use occurs to connect induction with perception. But some 
forms of induction proceed from the less general to the more general, especially the so- 
called ‘‘perfect’’ induction that commentators have generally found in APr I.24, and this 
type of induction has a place in demonstrative science too. See the section ‘‘Induction’’ 
later in the present chapter. 

9. Cf. 1.8 75b34, 1.31 87b29-30, II.19 100a17-b1. 

10. See below, p. 256, for a discussion of this statement. 

11. Barnes (p. 185f.) has a different text at 88a17 and a different interpretation of 
hdma. 

12. For the meaning of gndrimos and gnérizein, see the section ‘‘Grasping the 
Universals’’ later in the present chapter. The present translation is neutral among the pos- 
sibilities. 

13. For criticism of Aristotle’s argument, see Barnes, p. 251. 
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14. APo II.19 99b36—100a3 identifies three levels of ability: (a) perception, (b) the 
level where the perception remains, and (c) the level where an account is developed out of 
the perception that remains. These levels are presented chiefly as distinctions among types 
of animals: some cannot get beyond level (a), and none but humans can attain level (c). 
Since humans must have perceptions, and these must remain before an account can be 
reached, the passage has developmental overtones. Level (a) is stage (1) in 100a3ff., and 
level (b) is stage (2). I take stages (3), (4), and (5) to be a more detailed analysis of level 
(c). 

15. Téchné: the disciplined knowledge of a craft. For the difference between sci- 
ence and art, see Evans 1977, pp. 75-77: 

16. Ross 1924, 1:116. 

17. I suppose this kind of teaching would not count as the ‘‘intellectual’’ teaching 
of APo I.1 71al. 

18. Esp. 1.13, which analyzes cases of héti and dihoti knowledge in the same sci- 
ence and cases where one science knows oti and another knows dihéti. In the former kind 
of case, dihdéti knowledge is proper scientific knowledge, and mere hoti knowledge is 
deficient: there is something wrong with the demonstration, so that the real explanation of 
the conclusion is not given. 

19. Met. A.1 981b10—13; cf. APo 1.31 87b39-88a8. 

20. Mure; Ross; Barnes; Tricot 1947; and Le Blond 1970, p. 129 n. 1. 

21. This view is held by St. Thomas, followed by Trépanier 1948. 

22. There is no need to worry why arché is singular. At each stage one thing (mem- 
ory, etc.), always mentioned in the singular, arises from another (which is sometimes 
singular, sometimes plural). These “‘things’’ are héxeis, cognitive states or dispositions, 
not the objects of those states. The question of the name of this stage of intellectual com- 
prehension is reserved for the next paragraph (though recall that nods is called the 
arché epistémés, 1.33 88b36). Aristotle does not name the stage where the universal is at 
rest in the soul presumably because there was no name in common use for that stage. Met. 
A.1 tends to confirm this. I shall argue below (in the section ‘‘Nodgs’’) that he calls this 
state ndésis although that word is not a technical term. 

23. The arché is ek pantos éremésantos tot kathélou, just as memory is ex 
aisthéseos and experience is ek mnémés. Zabarella 1966, p. 1270b, and Pacius 1966, p. 
347, identify the universal with the ‘‘principium artis & sapientiae,’’ but this interpretation 
takes téchnés arché kai epistémés as parallel with hd an en hdpasin hén enéi ekeinois to 
auté, which leaves the sentence beginning with ek d’ empeirias incomplete. 

24. For this conception of principle, see the excellent discussion in Wieland 1970, 
chap. I, esp. sec. 5. Also Kosman 1973 and Burnyeat 1981. 

25. This is a more careful statement of what the Met. passage expresses simply in 
terms of explanation: aitia, dihdti, dia ti. 

°26. Enhupdrchein does not mean ‘‘be innate,’’ only ‘‘be in.’’ But the kind of ‘‘be- 
ing in’’ in question is innateness (Barnes, p. 250). 

27. Gnostik6térén: literally, ‘‘more cognitive.’’ I take the word as equivalent to 
gnoriméteros téi phiisei. See 1.2 71b33-72a5. 

28. I follow Philoponus, Zabarella, and Ross in this interpretation of héds epi 
archén élthen. For another view, see Barnes (p. 254), who points out that the same simile 
occurs at Probl. XVIII.7 917a28-32 and XXVI.8 941a9—13. But these passages do not 
contain the difficult final phrase ‘‘until . . . position.’’ Perhaps the phrase in question 
continues the thought of the passage before the simile: these states . . . come from percep- 
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tion one after the next (like soldiers recovering one by one from a rout) until we reach 
knowledge of the principles. 

29. Pacius calls it an ‘‘eleganti exemplo.”’ 

30. For another, see De An. IIIl.4 429b10-22. 

31. In another way the highest universals will have more parts than anything else, 
since they can be divided into the most subclasses. Cf. Met. A.25 1023b23-25. 

32. Or some? Aristotle does not specify that there be ‘‘perfect’’ induction. 

33. Aristotle does not indicate whether the most general universals are the catego- 
ries substance, quality, etc. 

34. See below, pp. 253-55. 

35. I follow Ross and Barnes in thinking that pdlai refers to what shortly precedes. 

36. The subject term must be universal. Whether the predicate term must also be 
universal depends on what it is for an attribute to belong to a subject. APo does not go into 
this issue, but even if Owen’s view (Owen 1986b) holds for this work, all terms in proofs 
constructed by concatenating first-figure syllogisms must be universal except the attribute 
of the conclusion, and this term may be universal too. 

37. See the discussion of universal connections in I.4—5. 

38. Cf. De An. I1.2 413a11-12. 

39. Cf. Met. Z.3 1029b3-12. 

40. This comment also applies to Barnes’s rendering, ‘‘familiar.’’ 

41. For this interpretation see Evans 1977, pp. 68-73. 

42. Cf. Top. V1.4 142a2—4 with APo I.2 72a1-5. 

43. The relations between the expert and what is intelligible without qualification 
are complicated. Each is used to determine the other: the intelligible is what experts agree 
on, but it is also a standard for deciding who are experts. 

44. Le Blond 1970, pp. 131ff., gives this interpretation, in my opinion with little 
warrant. 

45. Fora defense of this translation see discussion of I.2 71b33—7245 in the section 
‘*Principles Are Better Known, Prior, and Grounds’’ in Chapter 2 above. 

46. Cf. 1.18 81b3-4. 

47. See Engberg-Pedersen 1979, p. 317, and, contra, Hamlyn 1976, pp. 18of. 

48. This interpretation presupposes no decision on whether 100a15ff. amplifies on 
the whole process from sense perception to scientific principles, or on both the move from 
experience to knowledge of universals and the move from that to principles, or just on the 
former move. Translating préta as ‘principles’ instead of ‘‘primary things’’ would rule 
out the last of these, and translating it ‘‘primary universals’’ would favor the last. 

49. E.g., 1.2 71b21, 72a6~7, I.3 72b5, 1.6 74b24-25, I.9 76a30. 

50. Ross, p. 675. 

51. So Barnes, p. 256. 

52. Hamlyn 1976 holds this last view. 

53. Bonitz gives examples only of technical uses of epaktikés. 

54. Ross, pp. 481ff. 

55. Engberg-Pedersen 1979, pp. 301-5. 

56. Ibid., p. 305. 

57. See Ross, p. 482, fifth group of passages. 

58. Top. 1.12 105a14—-15 contains a paradigm example of an argument by 
epagogé, which matches this description. 

59. Cf. APo L.1 71arff. 
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60. See I.31 88ar12ff. and II.2 90a24—30 for cases where a single observation can 
lead to knowledge of the relevant universal. 

61. Engberg-Pedersen 1979, pp. 311-14, offers an alternative interpretation: ‘‘ Ar- 
istotle is not talking . . . about one species of induction, viz. perfect induction. Rather he 
is talking about any kind of epagdgé (from one particular case or more) and what he is 
wishing to bring out is what we imply when on the basis of attending to particular cases 
we assert a universal proposition’’ (p. 313). Even on this analysis, the passage does not 
accurately represent the paradigm inductive argument of Top. I.12 105a14—15. In any 
case, the view of induction I am proposing embraces APr II.23 on Engberg-Pedersen’s 
interpretation. 

62. It is objected to APr II.23 that the conjuncts of the complex premise ‘‘men are 
long-lived, horses are long-lived, etc.’’ presuppose uses of epagdgé that cannot be perfect 
inductions since it is impossible to examine the longevity of all humans, horses, etc., that 
have ever lived, are now alive, and ever will live. See Fritz 1964a, p. 631. 

63. Met. M.4 1078b28. 

64. Hamlyn 1976, pp. 168, 170-71. 

65. APr II.23 68b13-14; cf. APo 1.18 81aq40. 

66. E.g., EN V1.3 1139b28f. 

67. Cf. Top. 1.1 100a25ff. 

68. The two are frequently opposed, e.g., at 1.18 81aq4o. 

69. Esp. 1.18. 

Jo. See McKirahan 1983. 

71. In this passage, houité naturally refers to epagdgé. 

72. L.e., both the kaf and the gdr in 100b4 are accounted for. 

73. See above, p. 250. 

74. A similar assertion appears at I.31 87b28—30: ‘‘Even if perception is of what 
is such and such and not a particular individual, we must perceive a particular individual 
at a particular place and time.”’ 

75. Barnes, p. 184. 

76. Ross, pp. 677f. 

77. Owen 1986b. 

78. Cf. De An. II.6 418a20-24. 

79. Also De An. II.12 424a17-21. 

80. De An. Il.12 424a18, III.8 43245; cf. De An. Ill.12 434a29-30. 

81. Hicks 1907, p. 416. 

82. De An. Ill.4 429b10—22, in distinguishing between x and what it is to be x, 
says that we discriminate heat, cold, and the things of which flesh is a proportion by means 
of our faculty of perception, but unhelpfully says only that we judge what it is to be flesh 
either with a different faculty or with the same faculty in a different state. This statement 
even overlooks the difference between perceiving hot, etc., and perceiving flesh. 

83. This interpretation avoids the embarrassment of requiring two kinds of univer- 
sal, ‘‘the one which is grasped in perception (however we are to understand that idea) and 
the other that is only grasped by animals that go beyond that of perception alone’’ (Eng- 
berg-Pedersen 1979, p. 317). 

84. I take the distinction between ‘‘by means of seeing”’ (tdi hordn) and ‘‘as a 
result of seeing’’ (ek to hordn) (88a13—14) and between ‘‘seeing’’ and ‘‘grasping’’ 
(noésai, a16) as signifying at least this much. 

85. E.g., Ross, p. 86; Le Blond 1970, pp. 131-40. 

86. Barnes; Lesher 1973. 
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87. At 100a10 héxeis refers to these levels. 

88. The same point is made in an aside at I.33 88b36. 

89. I take it that this is the point of the aphoristic concluding sentence of the work: 
he men arché tés archés eté dn, hé dé pasa pragma homot6s échei pros to pan pragma 
(100b15—17). That is to say, nots (the arché of the state epistémé) has as its objects the 
archat (the principles of science [epistémé]), and the whole of epistémé (the state) has as 
its objects the whole subject matter of the science. This interpretation agrees with Barnes. 

go. So Barnes, pp. 257-59. 

g1. EN VI.6 1141a3-8 does the same. 

92. Lesher 1973. 

93. For discussion, see Lesher 1973, pp. 53f., 56, 57f. 

94. Ibid., pp. 57f. ; 

95. Lesher 1973, pp. 59ff., is wrong to identify arché epistémés with to kathdlou. 
Cf. above, n. 23 of the present chapter, for a decisive objection. 

96. See Plato, Republic 511d, 534b. Plato also calls this ndésis (511d, though at 
534a ndésis covers the two highest stages), and he also calls it epistémé (533d, 534 a,c). 
Although Plato says he does not quibble about the terminology (533e), Aristotle distin- 
guishes between nos and néésis as between notis and epistémé (esp. I.19 100b5ff.) and 
between ndésis and epistémé (1.31 88a5ff.). For nods and noein in the earlier philosophical 
tradition, see Fritz 1943, 1974, and 1964. Although Plato and Aristotle developed the 
concepts of noiis and noein in special ways, we can recognize antecedents of Aristotle’s 
nots as early as Homer, for whom ‘‘the noos has a deeper insight than our eyes and ears’’ 
(Fritz 1974, p. 71) and penetrates beyond surface appearances of things and situations to 
discover the real truth about the matter (ibid., p. 25). Also, in many of the early thinkers, 
nots is not discursive, deductive thought, but a sudden and direct perception or intuition 
of the truth (ibid., pp. 26, 40, 65). Moreover, Democritus distinguished between nofis and 
atsthésis as giving us access to distinct realms of reality (nows to atoms and void, aisthésis 
to sensible appearances). 

97. For akribeia as depending on proximity to principles, see 1.24 86a13—21. For 
principles as being ‘‘truer’’ than what depends on them, see Met. a.1 993b26—29. Also 
see Lesher 1973, pp. 62-64. 

98. A dialectical premise is ‘‘a premise which assumes either member of a contra- 
diction’’ (I.2 72a9—10, trans. Barnes). 

99. These points occur also at SE 11 172a12-21: dialectic treats all things, not just 
one kind, and since it proceeds by asking questions that demand ‘‘yes’’ or ‘‘no’’ answers 
(Top. VIll.2 158a14—17), not by asserting the truth of certain propositions, the dialectician 
can investigate any subject without being an expert. However, dialectic’s role in demon- 
strative science is more than merely to produce non-expert questions on any subject. 

100. These works may have been composed before Aristotle had worked out the 
theory of demonstrative science in detail, but there is no reason not to use passages con- 
cerning sciences and their principles. For present purposes all that is needed is the notion, 
clearly present in Top. and SE, of an organized body of knowledge based on principles 
and proving its conclusions. 

1ol. Top. VIII.1 155b3ff. 

102. Cf. the distinction between eristic and dialectic in SE 11. 

103. Cf. Top. VII.14 163b9—16 and SE 16 175a5—12 for claims that knowledge 
of dialectic is useful to philosophers (where ‘‘philosopher’’ means quite generally a person 
engaged in any positive intellectual inquiry). See Evans 1977, p. 34. 

104. The richness of this concept has been sketched by Owen (1986d), and it is 
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necessary only to state some of his conclusions. For argument and evidence, see Owen’s 
paper. 

105. Top. 1.1 100a27—b23. 

106. APo offers an instructive parallel. Although every science has a subject ge- 
nus, common principles, and attributes, some sciences need not explicitly set out the ex- 
istence of their subjects or the nature of their attributes, or of the common principles if 
these are obvious, though we must be explicit about things that are problematic (I.10 
76b16ff.). The problematic subjects and attributes more than others will require dialectical 
treatment. Cf. the treatment of place, void, and time in Phys. IV. 

107. Thus, the claim holds for éndoxa both in the sense of common conceptions 
about established forms of language or philosophical theses claiming to account for ob- 
served facts and the way words are used, and also in the sense of phaindémena kata tén 
aisthésin. Cf. Owen 1986d, pp. 242-44. 

108. The final words do not refer just to Top. 1.14. Cf. Evans 1977, pp. 32f. 

109. Here empeiria is used differently from the way it is used in APo II.19 and 
Met. A.1. 

110. APr 1.30 46a22-27 seems to tell the simpler, less satisfactory story. 

111. E.g., Top. 1.2 101a36—b4. 

112. Peirastiké (SE 8 169b25, 11 171b4). 

113. Erotetiké (SE 11 172418). 

114. See Top. VIII.2 158a15ff. for the examples. 

115. Thus the philosopher is concerned with selecting the correct tépos (Top. 
VII.1 155b7f.). 

116. SEQ, 11. 

117. Top. 1.1 1o0b21-23. 

118. This doctrine is put forward in I. 1-2. See translation and discussion in Chap- 
ter 15 above. 

119. See above, pp. 203-5. 

120. See Met. Z.3 1029b7-8, translated in Chapter 17 above. 

121. This issue is discussed in the section ‘‘Priority of What Is Better Known’’ in 
Chapter 17 above. 

122. Cf. 1.5 74a18-25. 

123. See discussion in the section ‘‘Axioms and Subordinate Sciences’’ in Chapter 
6 above. 

124. The distinction between definitional and nondefinitional per se facts is dis- 
cussed in the section ‘‘Scientific Facts’’ in Chapter 8 above. , 

125. The notion of ‘‘fat definitions’ is defined at the beginning of Chapter 9 above. 

126. For this point see the section ‘‘An Aristotelian Demonstration’’ in Chapter 13 
above. 

127. APo 11.14 98aI—12, translated and discussed in Chapter 14 above. 

128. Cf. Ross 1924, 1:124, on Met. A.2 983a21-23. 

129. E.g., EN X.7 1177a21, a28, X.8 1178b21—22, b25-32. 

130. EN X.7 1177a32-34. 
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307n. 106; primary, 95-98, 171-77, 186, 
215, 299nn. 16 and 19; primitive vs. deriva- 
tive, 37-41, 44, 48-49, 57-59, 62, 122-27, 
140, 189-90, 192-97, 201, 229, 267-69, 
289n.7 
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